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Gene Therapy vectors, 
which are especially useful for 
cystic fibrosis,* and methods for 
using the vectors are disclosed. 
In preferred embodiments, the 
vectors are adenovirus-based. 
Advantages of adenovirus-based 
vectors for gene therapy arc that 
they appear to be relatively safe 
and can be manipulated to encode 
the desired gene product and 
at the same time are inactivated 
in terms of their, ability to 
replicate in a normal lytic 
viral life cycle. Additionally, 
adenovirus has a natural 
tropism for airway epithelia. 
Therefore, adenovirus-based 
vectors are particularly preferred 
for respiratory gene therapy 
applications such as gene 
therapy for cystic fibrosis. 
In one embodiment, the 
adenovirus-based gene therapy 
vector comprises an adenovirus 
2 serotype genome in which 
the Ela and Elb regions of the 
genome, which are involved in 
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early stages of viral replication have been deleted and replaced by genetic material of interest (e.g., DNA encoding the cysac fibrosis 
transmembrane regulator protein). In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus (PAY). PAVs 
contain no potentially harmful viral genes, have a theoretical capacity for foreign material of nearly 36 kb, may bo produced in reasonably 
high titers and maintain the tropism of the parent adenovirus for dividing and non-dividing human target cell types. 
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GENE THERAPY FOR CYSTIC FIBROSIS 

Related Applications 

This application is a continuation-in-part application of United States Serial Number 
5 08/130,682, filed on October 1, 1993 which is a continuation-in-part application of United 
States Serial Number 07/985,478, filed on December 2, 1992, which is a continuation-in-part 
application of United States Serial Number 07/613,592, filed on November 15, 1990, which 
is in turn a continuation-in-part application of United States Serial Number 07/589,295, filed 
on September 27, 1990, which is itself a continuation-in-part application of United States 

10 Serial Number 07/488,307, filed on March 5, 1990. The contents of all of the above co- 
pending patent applications are incorporated herein by reference. Definitions of language or 
terms not provided in the present application are the same as those set forth in the copending 
applications. Any reagents or materials used in the examples of the present application 
whose source is not expressly identified also is the same as those described in the copending 

1 5 application, e.g., AF508 CFTR gene and CFTR antibodies. 

¥ 

Background of the Invention 

Cystic Fibrosis (CF) is the most common fatal genetic disease in humans (Boat, T.F. 
et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et ah eds., McGraw-Hill, 

20 New York (1 989)). Approximately one in every 2,500 infants in the United States is born 
with the disease. At the present time, there are approximately 30,000 CF patients in the 
United States. Despite current standard therapy, the median age of survival is only 26 years. 
Disease of the pulmonary airways is the major cause of morbidity and is responsible for 95% 
of the mortality. The first manifestation of lung disease is often a cough, followed by 

25 progressive dyspnea. Tenacious sputum becomes purulent because of colonization of 

Staphylococcus and then with Pseudomonas. Chronic bronchitis and bronchiectasis can be 
partially treated with current therapy, but the course is punctuated by increasingly frequent 
exacerbations of the pulmonary disease. As the disease progresses, the patient's activity is 
progressively limited. End-stage lung disease is heralded by increasing hypoxemia, 

30 pulmonary hypertension, and cor pulmonale. 

The upper airways of the nose and sinuses are also involved in CF. Most patients 
with CF develop chronic sinusitis. Nasal polyps occur in 15-20% of patients and are 
common by the second decade of life. Gastrointestinal problems are also frequent in CF; 
infants may suffer meconium ileus. Exocrine pancreatic insufficiency, which produces 

35 symptoms of malabsorption, is present in the large majority of patients with CF. Males are 
almost uniformly infertile and fertility is decreased in females. 

Based on both genetic and molecular analyses, a gene associated with CF was isolated 
as part of 21 individual cDNA clones and its protein product predicted (Kerem, B.S. et al. 
(1989) Science 245:1073-1080; Riordan, J.R. et al. (1989) Science 245:1066-1073; 
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Rommens, J.M. et al. (1989) Science 245:1059-1065)). United States Serial Number 
07/488,307 describes the construction of the gene into a continuous strand, expression of the 
gene as' a functional protein and confirmation that mutations of the gene are responsible for 
CF. {See also Gregory. R.J. et al. (1990) Nature 347:382-386; Rich, D.P. et al. (1990) Nature 

5 347:358-362). The co-pending patent application also discloses experiments which show that 
proteins expressed from wild type but not a mutant version of the cDNA complemented the 
defect in the cAMP regulated chloride channel shown previously to be characteristic of CF. 

The protein product of the CF associated gene is called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan, j.R. et al. (1989) Science 245:1066- 

1 0 1073). CFTR is a protein of approximately 1480 amino acids made up of two repeated 
elements, each comprising six transmembrane segments and a nucleotide binding domain. 
The two repeats are separated by a large, polar, so-called R-domain containing multiple 
potential phosphorylation sites. Based on its predicted domain structure, CFTR is a member 
of a class of related proteins which includes the multi-drug resistance (MDR) or P- 

15 glycoprotein, bovine adenyl cyclase, the yeast STE6 protein as well as several bacterial 

amino acid transport proteins (Riordan, J.R. et al. (1989) Science 245:1066-1073; Hyde, Sf. 
et al. (1990) Nature 346:362-365). Proteins in this group, characteristically, are involved in 
pumping molecules into or out of cells. 

CFTR has been postulated to regulate the outward flow of anions from epithelial cells 

20 in response to phosphorylation by cyclic AMP-dependent protein kinase or protein kinase C 
(Riordan, J.R. et al. (1989) Science 245:1066-1073; Welsh, 1986; Frizzell, R.A. et al. (1986) 
Science 233:558-560; Welsh, M.J. and Liedtke, CM. (1986) Nature 322:467; Li, M. et al. 

(1988) Nature 331:358-360; Huang, T-C. et al. (1989) Science 244:1351-1353). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

25 mutations (Cutting, G.R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Cell 

61:863-870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S. et al. (1990) 
Proc. Natl Acad. Sci. USA 87:8447-8451). Population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that encode phenylalanine at position 
508 of the CFTR amino acid sequence (AF508), is associated with approximately 70% of the 

30 cases of cystic fibrosis. This mutation results in the failure of an epithelial cell chloride - 
channel to respond to cAMP (Frizzell R.A. et al. (1986) Science 233:558-560; Welsh, M.J. 
(1986) Science 232:1648-1650.; Li, M. et al. (1988) Nature 331:358-360; Quinton, P.M. 

(1989) Clin. Chem. 35:726-730). In airway cells, this leads to an imbalance in ion and fluid 
transport. It is widely believed that this causes abnormal mucus secretion, and ultimately 

35 results in pulmonary infection and epithelial cell damage. 

Studies on the biosynthesis (Cheng, S.H. et al. (1990) Cell 63:827-834; Gregory, R.J. 
etal. (1991)M>/. CellBiol. 11:3886-3893) and localization (Denning, G.M.etal. (1992) J. 
Cell Biol. 1 18:551-559 ) of CFTR AF508, as well as other CFTR mutants, indicate that many 
CFTR mutant proteins are not processed correctly and, as a result, are not delivered to the 
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plasma membrane (Gregory, R.J. et al. (1991) Mol. Cell Biol. 1 1 :3886-3893). These 
conclusions are consistent with earlier functional studies which failed to detect cAMP- 
stimulated CI" channels in cells expressing CFTR AF508 (Rich, D.P. et al. (1990) Nature 
347:358-363; Anderson, M.P. et al. (1 991) Science 251:679-682). 
5 To date, the primary objectives of treatment for CF have been to control infection, 

promote mucus clearance, and improve nutrition (Boat, T.F. et al. in The Metabolic Basis of 
Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York (1989)). Intensive 
antibiotic use and a program of postural drainage with chest percussion are the mainstays of 
therapy. However, as the disease progresses, frequent hospitalizations are required. 

1 0 Nutritional regimens include pancreatic enzymes and fat-soluble vitamins. Bronchodilators 
are used at times. Corticosteroids have been used to reduce inflammation, but they may 
produce significant adverse effects and their benefits are not certain. In extreme cases, lung 
transplantation is sometimes attempted (Marshall, S. et al. (1990) Chest 98:1488). 
Most efforts to develop new therapies for CF have focused on the pulmonary 

15 complications. Because CF mucus consists of a high concentration of DNA, derived from 
lysed neutrophils, one approach has been to develop recombinant human DNase (Shak, S. e£- 
al. (1990) Proc. Natl. Sci. Acad USA 87:9188). Preliminary reports suggest that aerosolized 
enzyme may be effective in reducing the viscosity of mucus. This could be helpful in 
clearing the airways of obstruction and perhaps in reducing infections. In an attempt to limit 

20 damage caused by an excess of neutrophil derived elastase, protease inhibitors have been 

tested. For example, alpha- 1 -antitrypsin purified from human plasma has been aerosolized to 
deliver enzyme activity to lungs of CF patients (McElvaney, N. et al. (1991) The Lancet 
337:392). Another approach would be the use of agents to inhibit the action of oxidants 
derived from neutrophils. Although biochemical parameters have been successfully 

25 measured, the long term beneficial effects of these treatments have not been established. 

Using a different rationale, other investigators have attempted to use pharmacological 
agents to reverse the abnormally decreased chloride secretion and increased sodium 
absorption in CF airways. Defective electrolyte transport by airway epithelia is thought to 
alter the composition of the respiratory secretions and mucus (Boat, T.F. et al. in The 

30 Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York - 
(1989); Quinton, P.M. (1990) FASEBJ. 4:2709-2717). Hence, pharmacological treatments 
aimed at correcting the abnormalities in electrolyte transport could be beneficial. Trials are in 
progress with aerosolized versions of the drug amiloride; amiloride is a diuretic that inhibits 
sodium channels, thereby inhibiting sodium absorption. Initial results indicate that the drug 

35 is safe and suggest a slight change in the rate of disease progression, as measured by lung 

function tests (Knowles, M. et al. (1990) N. Eng. J. Med. 322: 1 189-1 194; App, E.(1990) Am. 
Rev. Respir. Dis. 141:605). Nucleotides, such as ATP or UTP, stimulate purinergic receptors 
in the airway epithelium. As a result, they open a class of chloride channel that is different 
from CFTR chloride channels. In vitro studies indicate that ATP and UTP can stimulate 
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chloride secretion (Knowles, M. ct al. (1991) N. Eng. J. Med 325:533). Preliminary trials to 
test the ability of nucleotides to stimulate secretion in vivo, and thereby correct the electrolyte 
transport abnormalities are underway. 

Despite progress in therapy, cystic fibrosis remains a lethal disease, and no current 
5 therapy treats the basic defect. However, two general approaches may prove feasible. These 
are: 1) protein replacement therapy to deliver the wild type protein to patients to augment 
their defective protein, and; 2) gene replacement therapy to deliver wild type copies of the CF 
associated gene. Since the most life threatening manifestations of CF involve pulmonary 
complications, epithelial cells of the upper airways are appropriate target cells for therapy. 

1 0 The feasibility of gene therapy has been established by introducing a wild type cDN A 

into epithelial cells from a CF patient and demonstrating complementation of the hallmark 
defect in chloride ion transport (Rich, D.P. et al. (1990) Nature 347:358-363 ). This initial 
work involved cells in tissue culture, however, subsequent work has shown that to deliver the 
gene to the airways of whole animals, defective adenoviruses may be useful (Rosenfeld, 

15 (1992) Cell 68:143-155). However, the safety and effectiveness of using defective 
adenoviruses remain to be demonstrated. 

Summary of the Invention 

In general, the instant invention relates to vectors for transferring selected genetic 

20 material of interest (e.g., DNA or RNA) to cells in vivo. In preferred embodiments, the 

vectors are adenovirus-based. Advantages of adenovirus-based vectors for gene therapy are 
that they appear to be relatively safe and can be manipulated to encode the desired gene 
product and at the same time are inactivated in terms of their ability to replicate in a normal 
lytic viral life cycle. Additionally, adenovirus has a natural tropism for airway epithelia. 

25 Therefore, adenovirus-based vectors are particularly preferred for respiratory gene therapy 
applications such as gene therapy for cystic fibrosis. 

In one embodiment, the adenovirus-based gene therapy vector comprises an 
adenovirus 2 serotype genome in which the Ela and Elb regions of the genome, which are 
involved in early stages of viral replication have been deleted and replaced by genetic 

30 material of interest (e.g., DNA encoding the cystic fibrosis transmembrane regulator protein). 

In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus 
(PAV). PAVs contain no potentially harmful viral genes, have a theoretical capacity for 
foreign material of nearly 36 kb, may be produced in reasonably high titers and maintain the 
tropism of the parent adenovirus for dividing and non-dividing human target cell types. 

35 PAVs comprise adenovirus inverted terminal repeats and the minimal sequences of a wild- 
type adenovirus type 2 genome necessary for efficient replication and packaging by a helper 
virus and genetic material of interest. In a preferred embodiment, the PAV contains 
adenovirus 2 sequences. 
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In a further embodiment, the adenovirus-based gene therapy vector contains the open 
reading frame 6 (ORF6) of adenoviral early region 4 (E4) from the E4 promoter and is 
deleted for all other E4 open reading frames. Optionally, this vector can include deletions in 
the El and/or E3 regions. Alternatively, the adenovirus-based gene therapy vector contains 
5 the open reading frame 3 (ORF3) of adenoviral E4 from the E4 promoter and is deleted for all 
other E4 open reading frames. Again, optionally, this vector can include deletions in the El 
and/or E3 regions. The deletion of non-essential open reading frames of E4 increases the 
cloning capacity by approximately 2 kb without significantly reducing the viability of the 
virus in cell culture. In combination with deletions in the El and/or E3 regions of adenovirus 
1 0 vectors, the theoretical insert capacity of the resultant vectors is increased to 8-9 kb. 

The invention also relates to methods of gene therapy using the disclosed vectors and 
genetically engineered cells produced by the method. 

Rri*f Descrin tinn nf the Tahlps and Drawings 
1 5 Further understanding of the invention may be had by reference to the tables and 

figures wherein: ~W 

Table I shows CFTR mutants wherein the known association with CF (Y, yes or N, 
no), exon localization, domain location and presence (+) or absence (-) of bands A, B, and C 
20 of mutant CFTR species is shown. TM6, indicates transmembrane domain 6; NBD 

nucleotide binding domain; ECD, extracellular domain and Term, termination at 21 codons 
past residue 1337; 



25 



Table II shows the nucleotide sequence of Ad2/CFTR-1 ; 

Table III depicts a nucleotide analysis of Ad2-ORF6/PGK-CFTR; 



The convention for naming mutants is first the amino acid normally found at the 
particular residue, the residue number (Riordan, T.R. et al. (1989) Science 245:1066-1073). 
30 and the amino acid to which the residue was converted. The single letter amino acid code is 
used: D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; M, methionine; 
N, asparagine; Q, glutamine; R, arginine; S, serine; W, tryptophan. Thus G55 ID is a mutant 
in which glycine 551 is converted to aspartic acid; 

35 Figure 1 shows alignment of CFTR partial cDNA clones used in construction of 

cDNA containing complete coding sequence of the CFTR, only restriction sites relevant to 
the DNA constructions described below are shown; 



Figure 2 depicts plasmid construction of the CFTR cDNA clone pKK-CFTRl; 
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Figure 3 depicts plasmid construction of the CFTR cDNA clone pKK-CFTR2; 
Figure 4 depicts plasmid construction of the CFTR cDNA clone pSC-CFTR2; 

5 

Figure 5 shows a plasmid map of the CFTR cDNA clone pSC-CFTR2; 

Figure 6 shows the DNA sequence of synthetic DNAs used for insertion of an intron 
into the CFTR cDNA sequence, with the relevant restriction endonuclease sites and 
1 0 nucleotide positions noted; 

Figures 7A and 7B depict plasmid construction of the CFTR cDNA clone pKK- 
CFTR3; 

15 Figure 8 shows a plasmid map of the CFTR cDNA pKK-CFTR3 containing an intron 

between nucleotides 1716 and 1717; "jr. 

Figure 9 shows treatment of CFTR with glycosidases; 

Figures 10A and 10B show an analysis of CFTR expressed from COS-7 transfected 

Figures 1 1A and 1 IB show pulse-chase labeling of wild type and AF508 mutant 
CFTR in COS-7 transfected cells; 

25 

Figures 12A-12D show immunolocalization of wild type and AF508 mutant CFTR; 
and COS-7 cells transfected with pMT-CFTR or pMT-CFTR-AF508; 

Figure 13 shows an analysis of mutant forms of CFTR; 

30 

Figure 14 shows a map of the first generation adenovirus based vector encoding 
CFTR (Ad2/CFTR-1); 

Figure 15 shows the plasmid construction of the Ad2/CFTR-1 vector; 

35 

Figure 16 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from lung homogenates of cotton rats which received 
Ad2/CFTR-1. The gel demonstrates that the homogenates were positive for virally-encoded 
CFTR mRNA; 



20 

cells; 
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Figure 17 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from organ homogenates of cotton rats. The gel demonstrates 
that all organs of the infected rats were negative for Ad2/CFTR with the exception of the 
5 small bowel; 

Figures 18A and 18B show differential cell analyses of bronchoalveolar lavage 
specimens from control and infected rats. These data demonstrate that none of the rats 
treated with Ad2/CFTR-1 had a change in the total or differential white blood cell count 4, 
10 10, and 14 days after infection (Figure 18A) and 3, 7, and 14 days after infection (Figure 
18B); 

Figure 19 shows hematoxilyn and eosin stained sections of cotton rat tracheas from 
both treated and control rats sacrificed at different time points after infection with 
1 5 Ad2/CFTR-1 . The sections demonstrate that there were no observable differences between 
the treated and control rats; 1? 

Figures 20A and 20B show examples of UV fluorescence from an agarose gel 
electrophoresis, stained with ethidium bromide, of products of RT-PCR from nasal brushings 
20 of Rhesus monkeys after application of Ad2/CFTR-1 or Ad2/p-Gal; 

Figure 21 shows lights microscopy and immunocytochemistry from monkey nasal 
brushings. The microscopy revealed that there was a positive reaction when nasal epithelial 
cells from monkeys exposed to Ad2/CFTR-1 were stained with antibodies to CFTR; 

25 

Figure 22 shows immunocytochemistry of monkey nasal turbinate biopsies. This 
microscopy reveals increased immunofluorescence at the apical membrane of the surface 
epithelium from biopsies obtained from monkeys treated with Ad2/CFTR-1 over that seen at 
the apical membrane of the surface epithelium from biopsies obtained from control monkeys; 

30 

Figures 23 A-23D show serum antibody titers in Rhesus monkeys after three vector 
administrations. These graphs demonstrate that all three monkeys treated with Ad2/CFTR-1 
developed antibodies against adenovirus; 

35 Figure 24 shows hematoxilyn and eosin stained sections from monkey medial 

turbinate biopsies. These sections demonstrate that turbinate biopsy specimens from control 
monkeys could not be differentiated from those from monkeys treated with Ad2/CFTR-1 
when reviewed by an independent pathologist; 
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Figures 25A-25I show photomicrographs of human nasal mucosa immediately before, 
during, and after Ad2/CFTR-1 application. These photomicrographs demonstrate that 
inspection of the nasal mucosa showed mild to moderate erythema, edema, and exudate in 
patients treated with Ad2/CFTR- 1 (Figures 25A-25C) and in control patients (Figures 25G- 
5 251). These changes were probably due to local anesthesia and vasocontriction because when 
an additional patient was exposed to Ad2/CFTR in a method which did not require the use of 
local anesthesia or vasoconstriction, there were no symptoms and the nasal mucosa appeared 
normal (Figures 25D-25F); 

1 0 Figure 26 shows a photomicrograph of a hematoxilyn and eosin stained biopsy of 

human nasal mucosa obtained from the third patient three days after Ad2/CFTR-1 
administration. This section shows a morphology consistent with CF, i.e., a thickened 
basement membrane and occasional morphonuclear cells in the submucosa, but no 
abnormalities that could be attributed to the adenovirus vector; 

15. 

Figure 27 shows transepithelial voltage (V{) across the nasal epithelium of a normal^, 
human subject. Amiloride (uM) and terbutaline (uM) were perfused onto the mucosal 
surface beginning at the times indicated. Under basal conditions (Vt) was electrically 
negative. Perfusion of amiloride onto the mucosal surface inhibited (Vt) by blocking apical 
20 Na + channels; 

Figures 28A and 28B show transepithelial voltage (Vt) across the nasal epithelium of 
normal human subjects (Figure 28A) and patients with CF (Figure 28B). Values were 
obtained under basal conditions, during perfusion with amiloride (uM), and during perfusion 
25 of amiloride plus terbutaline (uM) onto the mucosal surface. Data are from seven normal 
subjects and nine patients with CF. In patients with CF, (Vt) was more electrically negative 
than in normal subjects (Figure 28B). Amiloride inhibited (V^ in CF patients, as it did in 
normal subjects. However, V t failed to hyperpolarize when terbutaline was perfused onto the 
epithelium in the presence of amiloride. Instead, (Vt) either did not change or became less 
.30 negative, a result very different from that observed in normal subjects; 

Figures 29A and 29B show transepithelial voltage (Vt) across the nasal epithelium of 
a third patient before (Figure 29A) and after (Figure 29B) administration of approximately 
25 MOI of Ad2/CFTR-1 . Amiloride and terbutaline were perfused onto the mucosal surface 
3 5 beginning at the times indicated. Figure 29A shows an example from the third patient before 
treatment. Figure 29B shows that in contrast to the response before Ad2/CFTR-1 was 
applied, after virus replication, in the presence of amiloride, terbutaline stimulated V t ; 
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Figures 30A-30F show the time of course changes in transepithelial electrical 
properties before and after administration of Ad2/CFTR-1. Figures 30A and 30B are from 
the first patient who received approximately 1 MOI; Figures 30C and 30D are from the 
second patient who received approximately 3 MOI; and Figures 30E and 30F are from the 

5 third patient who received approximately 25 MOI. Figures 30A, 30C, and 30E show values 
of basal transeptithelial voltage (Vt) and Figures 30B, 30D, and 30F show the change in 
transepithelial voltage (AVt) following perfusion of terbutaline in the presence of amiloride. 
Day zero indicates the day of Ad2/CFTR-1 administration. Figures 30A, 30C, and 30E show 
the time course of changes in basal V t for all three patients. The decrease in basal V t 

1 0 suggests that application of Ad2/CFTR-1 corrected the CF electrolyte transport defect in 
nasal epithelium of all three patients. Additional evidence came from an examination of the 
response to terbutaline. Figures 30B, 30D, and 30F show the time course of the response. 
These data indicate that Ad2/CFTR-1 corrected the CF defect in CI" transport; 

15 Figure 31 shows the time course of changes in transepithelial electrical properties 

before and after administration of saline instead of Ad2/CFTR-1 to CF patients. Day zero T 
indicates the time of mock administration. The top graph shows basal transepithelial voltage 
(Vt) and the bottom graph shows the change in transepithelial voltage following perfusion 
with terbutaline in the presence of amiloride (AVt). Closed symbols are data from two 

20 patients that received local anesthetic/vasoconstriction and placement of the applicator for 
thirty minutes.- Open symbol is data from a patient that received local 
anesthetic/vasoconstriction, but not placement of the applicator. Symptomatic changes and 
physical findings were the same as those observed in CF patients treated with a similar 
administration procedure and Ad2/CFTR-1; 



25 



30 



Figure 32 shows a map of the second generation adenovirus based vector, PAV; 

Figure 33 shows the plasmid construction of a second generation adenoviral vector 6 
(Ad E4 ORF6); 

Figure 34 is a schematic of Ad2-ORF6/PGK-CFTR which differs from Ad2/CFTR in 
that the latter utilized the endogenous Ela promoter, had no poly A addition signal directly 
downstream of CFTR and retained an intact E4 region; 

3 5 Figure 3 5 shows short-circuit currents from human CF nasal polyp epithelial cells 

infected with Ad2-ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. At the indicated 
times: (1) 10 fiM amiloride, (2) cAMP agonists (10 uM forskolin and 100 \iM IBMX, and (3) 
1 mM diphenylamine-2-carboxylate were added to the mucosal solution; 
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Figures 36A-36D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey C, before infection (36A) and on 7 days (36B); 24 (36C); 
and 38 (36D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 37A-37D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of Rhesus monkey D, before infection (37A) and on days 7 (37B); 24 (37C); and 
48 (37D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 38A-38D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey E, before infection (38A) and on days 7 (38B); 24 (38C); 
and 48 (38D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 39A-39C show summaries of the clinical signs (or lack thereof) of infection 
with Ad2-ORF6/PGK-CFTR; 

Figures 40A-40C shows a summary of blood counts, sedimentation rate, and clinical 
chemistriesafter infection with Ad2-ORF6/PGK-CFTR for monkeys C, D, and E. There was 
no evidence of a systemic inflammatory response or other abnormalities of the clinical 
chemistries; 

Figure 41 shows summaries of white blood cells counts in monkeys C, D, and E after 
infection with Ad2-ORF6/PGK-CFTR. These date indictate that the adrninistration of Ad2- 
ORF6/PGK-CFTR caused no change in the distribution and number of inflammatory cells at 
any of the time points following viral administration; 

Figure 42 shows histology of submucosal biopsy performed on Rhesus monkey C on 
day 4 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 43 shows histology of submucosal biopsy performed on Rhesus monkey D on 
day 1 1 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 44 shows histology of submucosal biopsy performed on Rhesus monkey E on 
day 1 8 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; and 
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Figures 45A-45C show antibody titers to adenovirus prior to and after the first and second 
administrations of Ad2-ORF6/PGK-CFTR. Prior to administration of Ad2-ORF6/PGK- 
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CFTR, the monkeys had received instillations of Ad2/CFTR-1. Antibody titers measured by 
ELISA rose within one week after the first and second administrations of Ad2-ORF6/PGK- 
CFTR. Serum neutralizing antibodies also rose within a week after viral administration and 
peaked at day 24. No anti-adenoviral antibodies were detected by ELISA or neutralizing 
assay in nasal washings of any of the monkeys. 

Detailed De scription and Best Mode 

Gene Therapy 

As used herein, the phrase "gene therapy" refers to the transfer of genetic material 
(e.g., DNA or RNA) of interest into a host to treat or prevent a genetic or acquired disease or 
condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
peptide or functional RNA) whose production in vivo is desired. For example, the genetic 
material of interest can encode a hormone, receptor, enzyme or (poly) peptide of therapeutic 
value. Examples of genetic material of interest include DNA encoding: the cystic fibrosis 
transmembrane regulator (CFTR), Factor VIII, low density lipoprotein receptor, beta- ^ 
galactosidase, alpha-galactosidase, beta-glucocerebrosidase, insulin, parathyroid hormone, 
and alpha- 1 -antitrypsin. 

Although the potential for gene therapy to treat genetic diseases has been appreciated 
for many years, it is only recently that such approaches have become practical with the 
treatment of two patients with adenosine deamidase deficiency. The protocol consists of 
removing lymphocytes from the patients, stimulating them to grow in tissue culture, infecting 
them with an appropriately engineered retrovirus followed by reintroduction of the cells into 
the patient (Kantoff, P. et al. (1987) J. Exp. Med 166:219). Initial results of treatment are 
very encouraging. With the approval of a number of other human gene therapy protocols for 
limited clinical use, and with the demonstration of the feasibility of complementing the CF 
defect by gene transfer, gene therapy for CF appears a very viable option. 

The concept of gene replacement therapy for cystic fibrosis is very simple; a 
preparation of CFTR coding sequences in some suitable vector in a viral or other carrier 
delivered directly to the airways of CF patients. Since disease of the pulmonary airways is 
the major cause of morbidity and is responsible for 95% of mortality, airway epithelial cells 
are preferred target cells for CF gene therapy; The first generation of CF gene therapy is 
likely to be transient and to require repeated delivery to the airways. Eventually, however, 
gene therapy may offer a cure for CF when the identity of the precursor or stem cell to air 
epithelial cells becomes known. If DNA were incorporated into airway stem cells, all 
subsequent generations of such cells would make authentic CFTR from the integrated 
sequences and would correct the physiological defect almost irrespective of the biochemical 
basis of the action of CFTR. 
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Although simple in concept, scientific and clinical problems face approaches to gene 
therapy, not least of these being that CF requires an in vivo approach while all gene therapy 
treatments in humans to date have involved ex vivo treatment of cells taken from the patient 
followed by reintroduction. 
5 One major obstacle to be overcome before gene therapy becomes a viable treatment 

approach for CF is the development of appropriate vectors to infect tissue manifesting the 
disease and deliver the therapeutic CFTR gene. Since viruses have evolved very efficient 
means to introduce their nucleic acid into cells, many approaches to gene therapy make use of 
engineered defective viruses. However, the use of viruses in vivo raises safety concerns. 
10 Although potentially safer, the use of simple DNA plasmid constructs containing minimal 
additional DNA, on the other hand, is often very inefficient and can result in transient protein 
expression. 

The integration of introduced DNA into the host chromosome has advantages in that 
such DNA will be passed to daughter cells. In some circumstances, integrated DNA may 

1 5 also lead to high or more sustained expression. However, integration often, perhaps always, 
requires cellular DNA replication in order to occur. This is certainly the case with the present 
generation of retroviruses. This limits the use of such viruses to circumstances where cell 
division occurs in a high proportion of cells. For cells cultured in vitro, this is seldom a 
problem, however, the cells of the airway are reported to divide only infrequently 

20 (Kawanami, O. et al. (1979) An. Rev. Respir. Dis. 120:595). The use of retroviruses in CF 
will probably require damaging the airways (by agents such as SO2 or O3) to induce cell 
division. This may prove impracticable in CF patients. 

Even if efficient DNA integration could be achieved using viruses, the human genome 
contains elements involved in the regulation of cellular growth only a small fraction of which 

25 are presently identified. By integrating adjacent to an element such as a proto-oncogene or an 
anti-oncogene, activation or inactivation of that element could occur leading to uncontrolled 
growth of the altered cell. It is considered likely that several such activation/inactivation 
steps are usually required in any one cell to induce uncontrolled proliferation (R.A.Weinberg 
(1989) Cancer Research 49:3713 ), which may reduce somewhat the potential risk. On the 

30 other hand, insertional mutagenesis leading to tumor formation is certainly known in animals 
with some nondefective retroviruses (R.A. Weinberg, supra; Payne, G.S. et al. (1982) Nature 
295:209), and the large numbers of potential integrations occurring during the lifetime of a 
patient treated repeatedly in vivo with retroviruses must raise concerns on the safety of such a 
procedure. 

35 In addition to the potential problems associated with viral DNA integration, a number 

of additional safety issues arise. Many patients may have preexisting antibodies to some of 
the viruses that are candidates for vectors, for example, adenoviruses. In addition, repeated 
use of such vectors might induce an immune response. The use of defective viral vectors 
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may alleviate this problem somewhat, because the ver ors will not lead to productive viral 
life cycles generating infected cells, cell lysis or large aumbers of progeny viruses. 

Other issues associated with the use of viruses are the possibility of recombination 
with related viruses naturally infecting the treated patient, complementation of the viral 
5 defects by simultaneous expression of wild type virus proteins and containment of aerosols of 
the engineered viruses. 

Gene therapy approaches to CF will face many of the same clinical challenges at 
protein therapy. These include the inaccessibility of airway epithelium caused by mucus 
build-up and the hostile nature of the environment in CF airways which may inactivate 
1 0 viruses/vectors. Elements of the vector carriers may be immunogenic and introduction of the 
DNA may be inefficient. These problems, as with protein therapy, are exacerbated by the 
absence of a good animal model for the disease nor a simple clinical end point to measure the 
efficacy of treatment. 

15 CF Gene Therapy Vector * - Possible Options 

If 

Retroviruses - Although defective retroviruses are the best characterized system and 
so far the only one approved for use in human gene therapy (Miller, A.D. (1990) Blood 
76:271), the major issue in relation to CF is the requirement for dividing cells to achieve 
20 DNA integration and gene expression. Were conditions found to induce airway cell division, 
the in vivo application of retroviruses, especially if repeated over many years, would 
necessitate assessment of the safety aspects of insertional mutagenesis in this context. 

Adeno-Associated Virus - (AAV) is a naturally occurring defective virus that requires 
25 other viruses such as adenoviruses or herpes viruses as helper virases(Muzyczka, N. (1 992) in 
Current Topics in Microbiology and Immunology 158:97). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells, although this is not yet certain. Vectors 
containing as little as 300 base pairs of AAV can be packaged and can integrate, but space for 
exogenous DNA is limited to about 4.5 kb. CFTR DNA may be towards the upper limit of 
30 packaging. Furthermore, the packaging process itself is presently inefficient and safety issues 
such as immunogenecity, complementation and containment will also apply to AAV. 
Nevertheless, this system is sufficiently promising to warrant further study. 

Plasmid DNA - Naked plasmid can be introduced into muscle cells by injection into 
35 the tissue. Expression can extend over many months but the number of positive cells is low 
(Wolff, J. et al. (1989) Science 247:1465). Cationic lipids aid introduction of DNA into some 
cells in culture (Feigner, P. and Ringold, G.M. (1989) Nature 337:387). Injection of cationic 
lipid plasmid DNA complexes into the circulation of mice has been shown to result in 
expression of the DNA in lung (Brigham, K. et al. (1989) Am. J. Med. Sci. 298:278). 
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Instillation of cationic lipid plasmid DNA into lung also leads to expression in epithelial cells 
but the efficiency of expression is relatively low and transient (Hazinski, T.A. et al. (1991) 
Am. J. RespK Cell Mol Biol 4:206). One advantage of the use of plasmid DNA is that it 
can be introduced into non-replicating cells. However, the use of plasmid DNA in the CF 
5 airway environment, which already contains high concentrations of endogenous DNA may be 
problematic. 

Receptor Mediated Entry - In an effort to improve the efficiency of plasmid DNA 
uptake, attempts have been made to utilize receptor-mediated endocytosis as an entry 

10 mechanisms and to protect DNA in complexes with polylysine (Wu, G. and Wu, C.H. (1988) 
J. Biol Chem. 263:14621). One potential problem with this approach is that the incoming 
plasmid DNA enters the pathway leading from endosome to lysosome, where much incoming 
material is degraded. One solution to this problem is the use of transferrin DNA-poly lysine 
complexes linked to adenovirus capsids (Curiel, D.T. et al. (1991) Proc. Natl Acad Sci. USA 

1 5 88:8850). The latter enter efficiently but have the added advantage of naturally disrupting the 
endosome thereby avoiding shuttling to the lysosome. This approach has promise but at ^ 
present is relatively transient and suffers from the same potential problems of 
immunogenicity as other adenovirus based methods. 

20 Adenovirus - Defective adenoviruses at present appear to be a promising approach to 

CF gene therapy (Berkner, K.L. (1988) BioTechniques 6:616). Adenovirus can be 
manipulated such that it encodes and expresses the desired gene product, (e.g., CFTR), and at 
the same time is inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 
In addition, adenovirus has a natural tropism for airway epithelia. The viruses are able to 

25 infect quiescent cells as are found in the airways, offering a major advantage over 

retroviruses. Adenovirus expression is achieved without integration of the viral DNA into the 
host cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years with an 
excellent safety profile (Schwartz, A.R. et al. (1974) Am. Rev. Respir. Dis. 109:233-238). 

30 Finally, adenovirus mediated gene transfer has been demonstrated in a number of instances 
including transfer of alpha- 1 -antitrypsin and CFTR to the lungs of cotton rats (Rosenfeld, 
M.A. et al. (1991) Science 252:431-434; Rosenfeld et al., (1992) Cell 68:143-155). 
Furthermore, extensive studies to attempt to establish adenovirus as a causative agent in 
human cancer were uniformly negative (Green, M. et al. (1979) Proc. Nail Acad. ScL USA 

35 76:6606). 

The following properties would be desirable in the design of an adenovirus vector to 
transfer the gene for CFTR to the airway cells of a CF patient. The vector should allow 
sufficient expression of the CFTR, while producing minimal viral gene expression. There 
should be minimal viral DNA replication and ideally no virus replication. Finally, 
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recombination to produce new viral sequences and complementation to allow growth of the 
defective virus in the patient should be minimized. A first generation adenovirus vector 
encoding CFTR (Ad2/CFTR), made as described in the following Example 7, achieves most 
of these goals and was used in the human trials described in Example 10. 
5 Figure 14 shows a map of Ad2/CFTR-1 . As can be seen from the figure, this first . 

generation virus includes viral DNA derived from the common relatively benign adenovirus 2 
serotype. The Ela and Elb regions of the viral genome, which are involved in early stages of 
viral replication have been deleted. Their removal impairs viral gene expression and viral 
replication. The protein products of these genes also have immortalizing and transforming 

1 0 function in some non-permissive cells. 

The CFTR coding sequence is inserted into the viral genome in place of the Ela/Elb 
region and transcription of the CFTR sequence is driven by the endogenous Ela promoter. 
This is a moderately strong promoter that is functional in a variety of cells. In contrast to 
some adenovirus vectors (Rosenfeld, M. et al. (1992) Cell 68:143), this adenovirus retains 

15 the E3 viral coding region. As a consequence of the inclusion of E3, the length of the 

adenovirus-CFTR DNA is greater than that of the wild-type adenovirus. The greater lengthy 
of the recombinant viral DNA renders it more difficult to package. This means that the 
growth of the Ad2/CFTR virus is impaired even in permissive cells that provide the missing 
Ela and Elb functions. 

20 The E3 region of the Ad2/CFnt-l encodes a variety of proteins. One of these 

proteins, gpl9, is believed to interact with and prevent presentation of class 1 proteins of the 
major histocompatability complex (MHC) (Gooding, C.R. and Wold, W.S.M. (1990) Crit. 
Rev. Immunol 10:53). This property prevents recognition of the infected cells and thus may 
allow viral latency. The presence of E3 sequences, therefore, has two useful attributes; first, 

25 the large size of the viral DNA renders it doubly defective for replication (i.e., it lacks early 
functions and is packaged poorly) and second, the absence of MHC presentation could be 
useful in later applications of Ad2/CFTR-1 in gene therapy involving multiple 
administrations because it may avoid an immune response to recombinant virus containing 
cells. 

. 3 0 Not only are there advantages associated with the presence of E3 ; there may be 

disadvantages associated with its absence. Studies of E3 deleted virus in animals have 
suggested that they result in a more severe pathology (Gingsberg, H.S. et al. (1989) Proc. 
Natl Acad. Set (USA) 86:3823). Furthermore, E3 deleted virus, such as might be obtained 
by recombination of an El plus E3 deleted virus with wild-type virus, is reported to outgrow 
35 wild-type in tissue culture (Barkner, K.L. and Sharp, P. (1983) Nucleic Acids Research 
1 1 :6003). By contrast, however, a recent report of an E3 replacement vector encoding 
hepatitis B surface antigen, suggests that when delivered as a live enteric vaccine, such a 
virus replicates poorly in human compared to wild-type. 
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fragments, allowing the insertion of promoter/gene cassettes which can be packaged in the 
PAV virion and used for gene transfer (e.g. for gene therapy). The construction and 
propagation of PAV is described in detail in the following Example 1 1. By not containmg 
most native adenoviral DNA, the PAVs described herein are less likely to produce a patient 

5 immune reponse or to replicate in a host. 

In addition, the PAV vectors can accomodate foreign DNA up to a maximum length 
of nearly 36 kb The PAV vectors therefore, are especially useful for cloning larger genes 
(e g CFTR (7.5 kb)); Factor VIII (8 kb); Factor IX (9 kb)), which, traditional vectors have 
difficulty accomodating. In addition, PAV vectors can be used to transfer more than one 

10 gene, or more than one copy of a particular gene. For example, for gene therapy of cystic 
fibrosis, PAVs can be used to deliver CFTR in conjunction with other genes such as anti 
proteases (e.g., antiprotease alpha- 1 -antitrypsin) tissue inhibitor of metaloproteinase, 
antioxidants (e.g., superoxide dismutase), enhancers of local host defense (e.g., interferons), 
mucolytics (e.g., DNase); and proteins which block inflammatory cytokines. 



15 



Ari7-F.4/ORF fi Adenovirus Vectors IF 

An adenoviral construct expressing only the open reading frame 6 (ORF6) of 
adenoviral early region 4 (E4) from the E4 promoter and which is deleted for all other known 
E4 open reading frames was constructed as described in detail in Example 12. Expression of 

20 E4 open reading frame 3 is also sufficient to provide E4 functions required for DNA 

replication and late protein synthesis. However, it provides these functions with reduced 
efficiency compared to expression of ORF6, which will likely result in lower levels of virus 
production. Therefore expressing ORF6, rather than ORF3, appears to be a better choice for 
producing recombinant adenovirus vectors. 

25 The E4 region of adenovirus is suspected to have a role in viral DNA replication, late 

mRNA synthesis and host protein synthesis shut off, as well as in viral assembly (Falgout, B. 
andG Ketner(1987)J. Virol. 61:3759-3768). Adenovirus early region 4 is required for 
efficient virus particle assembly. Adenovirus early region 4 encodes functions required for 
efficient DNA replication, late gene expression, and host cell shutoff. Halbert, D.N. et al. 

30 (1985) J. Virol. 56:250-257. 

The deletion of non-essential open reading frames of E4 increases the cloning 
capacity of recombinant adenovirus vectors by approximately 2 kb of insert DNA without 
significantly reducing the viability of the virus in cell culture. When placed in combination 
with deletions in the El and/or E3 regions of adenovirus vectors, the theoretical insert 

35 capacity of the resultant vectors is increased to 8-9 kb. An example of where this increased 
cloning capacity may prove useful is in the development of a gene therapy vector encoding 
CFTR As described above, the first generation adenoviral vector approaches the maximum 
packaging capacity for viral DNA encapsidation. As a result, this virus grows poorly and 
may occassional give rise to defective progeny. Including an E4 deletion in the adenovirus 
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The adenovirus vector.(Ad2/CFTR-l) and a related virus encoding the marker P- 
galactosidase (Ad2/p-gal) have been constructed and grown in human 293 cells. These cells 
contain the El region of adenovirus and constitutively express Ela and Elb, which 
complement the defective adenoviruses by providing the products of the genes deleted from 
5 the vector. Because the size of its genome is greater than that of wild-type virus, Ad2/CFTR 
is relatively difficult to produce. 

The Ad2/CFTR-1 virus has been shown to encode CFTR by demonstrating the 
presence of the protein in 293 cells. The Ad2/p-gal virus was shown to produce its protein in 
a variety of cell lines grown in tissue culture including a monkey bronchiolar cell line 
10 (4MBR-5), primary hamster tracheal epithelial cells, human HeLa, human CF PAC cells (see 
Example 8) and airway epithelial cells from CF patients (Rich, 0. et al. (1990) Nature 
347:358). 

Ad2/CFTR-1 is constructed from adenovirus 2 (Ad2) DNA sequences. Other 
varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) may also prove useful as gene therapy 
15 vectors. This may prove essential if immune response against a single serotype reduces the 
effectiveness of the therapy. ly 

Second Gene ration Adenoviral Vectors 

Adenoviral vectors currently in use retain most (> 80%) of the parental viral genetic 
20 material leaving their safety untested and in doubt. Second-generation vector systems 
containing minimal adenoviral regulatory, packaging and replication sequences have 
therefore been developed. 

P^Hn-Adenovim* Vectors (PAW PAVs contain adenovirus inverted terminal 
25 repeats and the minimal adenovirus 5' sequences required for helper virus dependent 

replication and packaging of the vector. These vectors contain no potentially harmful viral 
genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in 
reasonably high titers and maintain the tropism of the parent virus for dividing and non- 
dividing human target cell types. 
30 The PAV vector can be maintained as either a plasmid-bome construct or as an 

infectious viral particle. As a plasmid construct, PAV is composed of the minimal sequences 
from wild type adenovirus type 2 necessary for efficient replication and packaging of these 
sequences and any desired additional exogenous genetic material, by either a wild-type or 
defective helper virus. 

35 Specifically, PAV contains adenovirus 2 (Ad2) sequences as shown in Figure 1 7, 

from nucleotide (nt) 0-356 forming the 5' end of the vector and the last 109 nt of Ad2 
forming the 3' end of the construct. The sequences includes the Ad2 flanking inverted 
terminal repeats (5'ITR) and the 5 1 ITR adjoining sequences containing the known packaging 
signal and Ela enhancer. Various convenient restriction sites have been incorporated into the 
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vector should alleviate these problems. In addition, it allows flexibility in the choice of 
promoters to drive CFTR expression from the virus. For example, strong promoters such as 
the adenovirus major late promoter, the cytomegalovirus immediate early promoter or a 
cellular promoter such as the CFTR promoter, which may be too large for first-generation 
5 adenovirus can be used to drive expression. 

In addition, by expressing only ORF6 of E4, these second generation adenoviral 
vectors may be safer for use in gene therapy. Although ORF6 expression is sufficient for 
viral DNA replication and late protein synthesis in immortalized cells, it has been suggested 
that ORF6/7 of E4 may also be required in non-dividing primary cells (Hemstrom, C. et al. 

10 (1991) J. Virol. 65:1440-1449). The 19 kD protein produced from open reading frame 6 and 
7 (ORF6/7) complexes with and activates cellular transcription factor E2F, which is required 
for maximal activation of early region 2. Early region 2 encodes proteins required for viral 
DNA replication. Activated transcription factor E2F is present in proliferating cells and is 
involved in the expression of genes required for cell proliferation (e.g., DHFR, c-myc), 

1 5 whereas activated E2F is present in lower levels in non-proliferating cells. Therefore, the 
expression of only ORF6 of E4 should allow the virus to replicate normally in tissue culture, 
cells (e.g. , 293 cells), but the absence of ORF6/7 would prevent the potential activation of 
transcription factor E2F in non-dividing primary cellls and thereby reduce the potential for 
viral DNA replication. 

20 

Tar get Tissue 

Because 95% of CF patients die of lung disease, the lung is a preferred target for gene 
therapy. The hallmark abnormality of the disease is defective electrolyte transport by the 
epithelial cells that line the airways. Numerous investigators (reviewed in Quinton, F. (1990) 

25 FASEB J. 4:2709) have observed: a) a complete loss of cAMP-mediated transepithelial 
chloride secretion, and b) a two to three fold increase in the rate of Na+ absorption. cAMP- 
stimulated chloride secretion requires a chloride channel in the apical membrane (Welsh, M.J. 
(1987) Physiol Rev. 67:1 143-1 1 84). The discovery that CFTR is a phosphorylation-regulated 
chloride channel and that the properties of the CFTR chloride channel are the same as those 

30 of the chloride channels in the apical membrane, indicate that CFTR itself mediates 

transepithelial chloride secretion. This conclusion was supported by studies localizing CFTR 
in lung tissue: CFTR is located in the apical membrane of airway epithelial cells (Denning, 
G.M. et al. (1992) J. Cell Biol. 1 1 8:551) and has been reported to be present in the 
submucosal glands (Taussig et al., (1973) J. Clin. Invest. 89:339). As a consequence of loss 

35 of CFTR function, there is a loss of cAMP-regulated transepithelial chloride secretion. At 
this time it is uncertain how dysfunction of CFTR produces an increase in the rate of Na+ 
' absorption. However, it is thought that the defective chloride secretion and increased Na+ 
absorption lead to an alteration of the respiratory tract fluid and hence, to defective 
mucociliary clearance, a normal pulmonary defense mechanism. As a result, clearance of 
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inhaled material from the lung is impaired and repeated infections ensue. Although the 
presumed abnormalities in respiratory tract fluid and mucociliary clearance provide a 
plausible explanation for the disease, a precise understanding of the pathogenesis is still 
lacking. 

5 Correction of the genetic defect in the airway epithelial cells is likely to reverse the 

CF pulmonary phenotype. The identity of the specific cells in the airway epithelium that 
express CFTR cannot be accurately determined by irnmunocytochemical means, because of 
the low abundance of protein. However, functional studies suggest that the ciliated epithelial 
cells and perhaps nonciliated cells of the surface epithelium are among the main cell types 

1 0 involved in electrolyte transport. Thus, in practical terms, the present preferred target cell for 
gene therapy would appear to be the mature cells that line the pulmonary airways. These are 
not rapidly dividing cells; rather, most of them are nonproliferating and many may be 
terminally differentiated. The identification of the progenitor cells in the airway is uncertain. 
Although CFTR may also be present in submucosal glands (Trezise, A.E. and Buchwald, M. 

15 (\99l)Nature 353:434; Englehardt, J.F. et al. (1992) J. Clin, Invest 90:2598-2607), there is 
no data as to its function at that site; furthermore, such glands appear to be relatively 
inaccessible. 

The airway epithelium provides two main advantages for gene therapy. First, access 
to the airway epithelium can be relatively noninvasive. This is a significant advantage in the 
20 . development of delivery strategies and it will allow investigators to monitor the therapeutic 
response. Second, the epithelium forms a barrier between the airway lumen and the 
interstitium. Thus, application of the vector to the lumen will allow access to the target cell 
yet, at least to some extent, limit movement through the epithelial barrier to the interstitium 
and from there to the rest of the body. 

25 

Efficiency of Gene Delivery Requ ired to Correct The Genetic Defect 

It is unlikely that any gene therapy protocol will correct 100% of the cells that 
normally express CFTR. However, several observations suggest that correction of a small 
percent of the involved cells or expression of a fraction of the normal amount of CFTR may 
30 be of therapeutic benefit. 

a. CF is an autosomal recessive disease and heterozygotes have no lung disease. 
Thus, 50% of wild-type CFTR would appear sufficient for normal function. 



35 b. This issue was tested in mixing experiments using CF cells and recombinant 

CF cells expressing wild-type CFTR (Johnson, L.G. et al. (1992) Nature Gen. 2:21). The 
data obtained showed that when an epithelium is reconstituted with as few as 6-10% of 
corrected cells, chloride secretion is comparable to that observed with an epithelium 
containing 100% corrected cells. Although CFTR expression in the recombinant cells is 
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probably higher than in normal cells, this result suggests that in vivo correction of all CF 
airway cells may not be required. 

c. Recent observations show that CFTR containing some CF-associated 
5 mutations retains residual chloride channel activity (Sheppard, D.N. et al. (1 992) Pediatr. 
Pulmon Suppl 8:250; Strong, T.V. et al. (1991) N. Eng. 1 Med 325:1630). TTiese mutations 
are associated with mild lung disease. Thus, even a very low level of CFTR activity may at 
least partly ameliorate the electrolyte transport abnormalities. 

10 d. As indicated in experiments described below in Example 8, complementation 

of CF epithelia, under conditions that probably would not cause expression of CFTR in every 
cell, restored cAMP stimulated chloride secretion. 

e. Levels of CFTR in normal human airway epithelia are very low and are barely 
1 5 detectable. It has not been detected using routine biochemical techniques such as 

immunoprecipitation or immunoblotting and has been exceedingly difficult to detect with ^ 
immunocytochemical techniques (Denning, G.M. et al. (1992) J. Cell Biol 1 18:551). 
Although CFTR has been detected in some cases using laser-scanning confocal microscopy, 
the signal is at the limits of detection and cannot be detected above background in every case. 
20 Despite that minimal levels of CFTR, this small amount is sufficient to generate substantial 
cAMP-stimulated chloride secretion. The reason that a very small number of CFTR chloride 
channels can support a large chloride secretory rate is that a large number of ions can pass 
through a single channel (10 6 -107 ions/sec) (Hille, B. (1984) Sinauer Assoc. Inc., 
Sunderland, MA 420-426). 

25 

f. Previous studies using quantitative PCR have reported that the airway 
epithelial cells contain at most one to two transcripts per cell (Trapnell, B.C. et al. (1991) 
Proc. Natl Acad. Scl USA 88:6565). 

30 Gene therapy for CF would appear to have a wide therapeutic index. Just as partial 

expression may be of therapeutic value, overexpression of wild-type CFTR appears unlikely 
to cause significant problems. This conclusion is based on both theoretical considerations 
and experimental results. Because CFTR is a regulated channel, and because it has a specific 
function in epithelia, it is unlikely that overexpression of CFTR will lead to uncontrolled 

3 5 chloride secretion. First, secretion would require activation of CFTR by cAMP-dependent 
phosphorylation. Activation of this kinase is a highly regulated process. Second, even if 
CFTR chloride channels open in the apical membrane, secretion will not ensue without 
regulation of the basolateral membrane transporters that are required for chloride to enter the 
cell from the interstitial space. At the basolateral membrane, the sodium-potassium-chloride 
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cotransporter and potassium channels serve as important regulators of transeptihelial 
secretion (Welsh, M.J. {19ST) Physiol. Rev. 67:1143-1184). 

Human CFTR has been expressed in transgenic mice under the control of the 
surfactant protein C(SPC) gene promoter (Whitesett, J.A. et al. (1992) Nature Gen. 2:13) and 
5 the casein promoter (Ditullio, P. et al (1992) Bio/Technology 10:74 ). In those mice, CFTR 
was overexpressed in bronchiolar and alveolar epithelial cells and in the mammary glands, 
respectively. Yet despite the massive overexpression in the transgenic animals, there were no 
observable morphologic or functional abnormalities. In addition, expression of CFTR in the 
lungs of cotton rats produced no reported abnormalities (Rosenfeld, M.A. et al. (1992) Cell 
10 68:143-155). 

The present invention is further illustrated by the following examples which in no 
way should be construed as being further limiting. The contents of all cited references 
(including literature references, issued patents, published patent applications, and co-pending 
patent applications) cited throughout this application are hereby expressly incorporated by 
1 5 reference. 

IF 

EXAMPLES 

Example 1 - G eneration of Full Length CFTR cDNAs 

20 Nearly all of the commonly used DNA cloning vectors are based on plasmids 

containing modified pMBl replication origins and are present at up to 500 to 700 copies per 
cell (Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press 1 989). The partial CFTR cDNA clones isolated by Riordan et al. were 
maintained in such a plasmid. It was postulated that an alternative theory to mtrinsic clone 

25 instability to explain the apparent inability to recover clones encoding full length CFTR 
protein using high copy number plasmids, was that it was not possible to clone large 
segments of the CFTR cDNA at high gene dosage in E. coll Expression of the CFTR or 
portions of the CFTR from regulatory sequences capable of directing transcription and/or 
translation in the bacterial host cell might result in inviability of the host cell due to toxicity 

30 of the transcript or of the full length CFTR protein or fragments thereof. This inadvertent 
gene expression could occur from either plasmid regulatory sequences or cryptic regulator)' 
sequences within the recombinant CFTR plasmid which are capable of functioning in K coll 
Toxic expression of the CFTR coding sequences would be greatly compounded if a large 
number of copies of the CFTR cDNA were present in cells because a high copy number 

35 plasmid was used. If the product was indeed toxic as postulated, the growth of cells 

containing full length and correct sequence would be actively disfavored. Based upon this 
novel hypothesis, the following procedures were undertaken. With reference to Figure 2, 
partial CFTR clone T16-4.5 was cleaved with restriction enzymes Spkl and EsLL and the 
resulting 3.9 kb restriction fragment containing exons 1 1 through most of exon 24 (including 
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an ^characterized 119 bp insertion reported by Riordan et al. between nucleotides 1716 and 
1717), was isolated by agarose gel purification and ligated between the Spill and EsLl sites 
of the pMBl based vector pkk223-3 (Brosius and Holy, (1984) Proc. Natl. Acad Set. 
£1:6929). It was hoped that the pMBl origin contained within this plasmid would allow it 
5 and plasmids constructed from it to replicate at 15-20 copies per host E. coll cell (Sambrook 
et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 
1 989). The resultant plasmid clone was called pkk-4.5. 

Partial CFTR clone Tl 1 was cleaved with EfiQ El and Hinc II and the 1 .9 kb band 
encoding the first 1786 nucleotides of the CFTR cDNA plus an additional 100 bp of DNA at 

1 0 the 5' end was isolated by agarose gel purification. This restriction fragment was inserted 
between the EfiQ ELL site and Sma 1 restriction site of the plamid Bluescript Sk- (Stratagene, 
catalogue number 212206), such that the CFTR sequences were now flanked on the upstream 
(5*) side by a Sal 1 site from the cloning vector. This clone, designated Tl 1 -R, was cleaved 
with Sal 1 and Sph I and the resultant 1 .8 kb band isolated by agarose gel purification. 

1 5 Plasmid pkk-4.5 was cleaved with Sal 1 and Sph 1 and the large fragment was isolated by 

agarose gel purification. The purified Tl 1-R fragment and pkk-4.5 fragments were ligated t^ 
construct pkk-CFTRl. pkk-CFTRl contains exons 1 through 24 of the CFTR cDNA. It was 
discovered that this plasmid is stably maintained in E. coli cells and confers no measureably 
disadvantageous growth characteristics upon host cells. 

20 pkk-CFTRl contains, between nucleotides 1716 and 1717, the 1 19 bp insert DNA 

derived from partial cDNA clone T16-4.5 described above. In addition, subsequent sequence 
analysis of pkk-CFTRl revealed unreported differences in the coding sequence between that 
portion of CFTR1 derived from partial cDNA clone Tl 1 and the published CFTR cDNA 
sequence. These undesired differences included a 1 base-pair deletion at position 995 and a 

25 C to T transition at position 1 507. 

To complete construction of an intact correct CFTR coding sequence without 
mutations or insertions and with reference to the construction scheme shown in Figure 3, 
pkk-CFTRl was cleaved with Xha I and Hpa L and dephosphorylated with calf intestinal 
alkaline phosphatase. In addition, to reduce the likelihood of recovering the original clone, 
.30 the small unwanted Xha I/Hpa I restriction fragment from pKK-CFTRl was digested with 

Spill T16-1 was cleaved with Xha I and AfiC I and the 1.15 kb fragment isolated by agarose 
gel purification. T16-4.5 was cleaved with Acc I and Hpa 1 and the 0.65 kb band was also 
isolated by agarose gel purification. The two agarose gel purified restriction fragments and 
the dephosphorylated pKK-CFTRl were ligated to produce pKK-CFTR2. Alternatively, 

35 pKK-CFTR2 could have been constructed using corresponding restriction fragments from the 
partial CFTR cDNA clone CI -1/5. pKK-CFTR2 contains the uninterrupted CFTR protein 
coding sequence and conferred slow growth upon E. coli host cells in which it was inserted, 
whereas pKK-CFTRl did not. The origin of replication of pKK-CFTR2 is derived from 
pMBl and confers a plasmid copy number of 15-20 copies per host cell. 
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Hxample 2 - Impro ving Host Cell Viability 

An additional enhancement of host cell viability was accomplished by a further 
reduction in the copy number of CFTR cDNA per host cell. This was achieved by 
5 transferring the CFTR cDNA into the plasmid vector, pSC-3Z. pSC-3Z was constructed 
using the pSClOl replication origin of the low copy number plasmid pLG338 (Stoker £Lal., 
Gene I£, 335 (1982)) and the ampicillin resistance gene and polylinker of pGEM-3Z 
(available from Promega), pLG338 was cleaved with Sph I and Eyji II and the 2.8 kb 
fragment containing the replication origin isolated by agarose gel purification. pGEM-3Z 

1 0 was cleaved with Alw M, the resultant restriction fragment ends treated with T4 DN A 
polymerase and deoxynucleotide triphosphates, cleaved with Sj2h I and the 1 .9 kb band 
containing the ampicillin resistance gene and the polylinker was isolated by agarose gel 
purification. The pLG338 and pGEM-3Z fragments were ligated together to produce the low 
copy number cloning vector pSC-3Z. pSC-3Z and other plasmids containing pSClOl origins 

1 5 of replication are maintained at approximately five copies per cell (Sambrook el sL supra). 

With additional reference to Figure 4, pKK-CFTR2 was cleaved with E£Q KY, Est U 
and Sal I and then passed over a Sephacryl S400 spun column (available from Pharmacia) 
according to the manufacturer's procedure in order to remove the Sail to Ecq RY restriction 
fragment which was retained within the column. pSC-3Z was digested with Sma I and Est I 

20 and also passed over a Sephacryl S400 spun column to remove the small Sma I/Rsl I 

restriction fragment which was retained within the column. The column eluted fractions from 
the pKK-CFTR2 digest and the pSC-3Z digest were mixed and ligated to produce pSC- 
CFTR2. A map of this plasmid is presented in Figure 5. Host cells containing CFTR cDNAs 
at this and similar gene dosages grow well and have stably maintained the recombinant 

25 plasmid with the full length CFTR coding sequence. In addition, this plasmid contains a 
bacteriophage T7 RNA polymerase promoter adjacent to the CFTR coding sequence and is 
therefore convenient for in vitro transcription/translation of the CFTR protein. The 
nucleotide sequence of CFTR coding region from pSC-CFTR2 plasmid is presented in 
Sequence Listing 1 as SEQ ID NO:l. Significantly, this sequence differs from the previously 

30 published (Riordan, J.R. et al. (1989) Science 245:1066-1073) CFTR sequence at position 
1990, where there is C in place of the reported A. See Gregory, R.J. et al. (1990) Nature 
347:382-386. R coli host cells containing pSC-CFTR2, internally identified with the number 
pSC-CFTR2/AGl, have been deposited at the American Type Culture Collection and given 
the accession number: ATCC 68244. 

35 

Example 3 - Alternate Method for Improving Host Cell Viability 

A second method for enhancing host cell viability comprises disruption of the CFTR 
protein coding sequence. For this purpose, a synthetic intron was designed for insertion 
between nucleotides 1716 and 1717 of the CFTR cDNA. This intron is especially 
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advantageous because of its easily manageable size. Furthermore, it is designed to be 
efficiently spliced from CFTR primary RNA transcripts when expressed in eukaryotic cells. 
Four synthetic oligonucleotides were synthesized (1 195RG, 1 196RG, 1 197RG and 1 198RG) 
collectively extending from the £ph I cleavage site at position 1700 to the Hinc II cleavage 
5 site at position 1785 and including the additional 83 nucleotides between 1716 and 1717 (see 
Figure 6). These oligonucleotides were phosphorylated with T4 polynucleotide kinase as 
described by Sambrook et al„ mixed together, heated to 95°C for 5 minutes in the same 
buffer used during phosphorylation, and allowed to cool to room temperature over several 
hours to allow annealing of the single stranded oligonucleotides. To insert the synthetic 

1 0 intron into the CFTR coding sequence and with reference to Figures 7A and 7B, a subclone 
of plasmid Tl 1 was made by cleaving the Sal I site in the polylinker, repairing the recessed 
ends of the cleaved DNA with deoxynucleotide triphosphates and the large fragment of DNA 
Polymerase I and religating the DNA. This plasmid was then digested with ECQ EY and Nm 
I and religated. The resulting plasmid T16-A5' extended from the Nffi I site at position 490 of 

1 5 the CFTR cDNA to the 3' end of clone T16 and contained single sites for Sph I and Hinc II at 
positions corresponding to nucleotides 1700 and 1785 of the CFTR cDNA. T16-A5' plasmjd 
was cleaved with Spill and Hinc II and the large fragment was isolated by agarose gel 
purification. The annealed synthetic oligonucleotides were ligated into this vector fragment 
to generate T16-intron. 

20 Tl 6-intron was then digested with ECQ EI and Sma I and the large fragment was 

isolated by agarose gel purification. Tl 6-4.5 was digested with EfiQ SI and Seal and the 790 
bp fragment was also isolated by agarose gel purification. The purified T16-intron and T16- 
4.5 fragments were ligated to produce T16-intron-2. T16-intron-2 contains CFTR cDNA 
sequences extending from the Nm 1 site at position 490 to the Sea I site at position 28 1 8, and 

25 includes the unique Hpa I site at position.2463 which is not present in T16-1 or T16-intron-l. 

T-l 6-intron-2 was then cleaved with Xbaland Hpa I and the 1 800 bp fragment was 
isolated by agarose gel purification. pKK-CFTRl was digested with Xha I and Hpa I and the 
large fragment was also isolated by agarose gel purification and ligated with the fragment 
derived from T16-intron-2 to yield pKK-CFTR3, shown in Figure 8. The CFTR cDNA 

30 within pKK-CFTR3 is identical to that within pSC-CFTR2 and pKK-CFTR2 except for the 
insertion of the 83 bp intron between nucleotides 1716 and 1717. The insertion of this intron 
resulted in improved growth characteristics for cells harboring pKK-CFTR3 relative to cells 
containing the unmodified CFTR cDNA in pKK-CFTR2. 

35 Example 4 - In vitro Tra nscription/Translation 

In addition to sequence analysis, the integrity of the CFTR cDNA open reading frame 
was verified by in vitro transcription/translation. This method also provided the initial CFTR 
protein for identification purposes. 5 micrograms of pSC-CFTR2 plasmid DNA were 
linearized with Sal I and used to direct the synthesis of CFTR RNA transcripts with T7 RNA 
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polymerase as described by the supplier (Stratagene). This transcript was extracted with 
phenol and chloroform and precipitated with ethanol. The transcript was resuspended in 25 
microliters of water and varying amounts were added to a reticulocyte lysate in vitro 
translation system (Promega). The reactions were performed as described by the supplier in 
5 the presence of canine pancreatic microsomal membranes (Promega), using ^-methionine 
to label newly synthesized proteins. In vitro translation products were analysed by 
discontinuous polyacrylamide gel electrophoresis in the presence of 0.1% SDS with 8% 
separating gels (Laemmii, U.K. (1970) Nature 227:680-685). Before electrophoresis, the in 
vitro translation reactions were denatured with 3% SDS, 8 M urea and 5% 2-mercaptoethanol 
10 in 0.65 M Tris-HCl, pH 6.8. Following electrophoresis, the gels were fixed in 

methanol racetic acid:water (30:10:60), rinsed with water and impregnated with 1 M sodium 
salicylate. 35§ labelled proteins were detected by fluorgraphy. A band of approximately 180 
kD was detected, consistent with translation of the full length CFTR insert. 

15 

Example 5 - E limination of Cryptic Regulatory Signals ^ 
Analysis of the DNA sequence of the CFTR has revealed the presence of a potential 
E. coli RNA polymerase promoter between nucleotides 748 and 778 which conforms well to 
the derived consensus sequence for E. coli promoters (Reznikoff and McCIure, Maximizing 

20 Gene Expression, 1, Butterworth Publishers, Stoneham, MA). If this sequence functions as a 
promoter functions in E. coli, it could direct synthesis of potentially toxic partial CFTR 
polypeptides. Thus, an additional advantageous procedure for maintaining plasmids 
containing CFTR cDNAs in Exoli would be to alter the sequence of this potential promoter 
such that it will not function in R coli. This may be accomplished without altering the amino 

25 acid sequence encoded by the CFTR cDNA. Specifically, plasmids containing complete or 
partial CFTR cDNA's would be altered by site-directed mutagenesis using synthetic 
olignucleotides (Zoller and Smith, (1983) Methods Enzymol lflQ:468 ). More specifically, 
altering the nucleotide sequence at position 908 from a T to C and at position 774 from an A 
to a G effectively eliminates the activity of this promoter sequence without altering the amino 

30 acid coding potential of the CFTR open reading frame. Other potential regulatory signals 

within the CFTR cDNA for transcription and translation could also be advantageously altered 
and/or deleted by the same method. 

Futher analysis has identified a sequence extending from nucleotide 908 to 936 which 
functions efficiently as a transcriptional promoter element in E. coli (Gregory, RJ. et al. 

35 (1990) Nature 347:382-386). Mutation at position 936 is capable of inactivating this 
promoter and allowing the CFTR cDNA to be stably maintained as a plasmid in E. coli 
(Cheng, S.H. et al. (1990) Cell 63:827-834). Specifically position 936 has been altered from 
a C to a T residue without the amino acid sequence encoded by the cDNA being altered. 
Other mutations within this regulatory element described in Gregory, R.J. et al. (1990) 
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Nature 347:382-386 could also be used to inactivate the transcriptional promoter activity. 
Specifically, the sequence from 908 to 913 (TTGTGA) and from 931 to 936 (GAAAAT) 
could be altered by site directed mutagenesis without altering the amino acid sequence 
encoded by the cDNA. 

5 

pvam ple 6 - Cloning nf CFTR in Alternate Host Systems 

Although the CFTR cDNA displays apparent toxicity in K coli cells, other types of 
host cells may not be affected in this way. Alternative host systems in which the entire 
CFTR cDNA protein encoding region may be maintained and/or expressed include other 
1 0 bacterial species and yeast. It is not possible a priori to predict which cells might be resistant 
and which might not. Screening a number of different host/vector combinations is necessary 
to find a suitable host tolerant of expression of the full length protein or potentially toxic 
fragments thereof. 

15 

Example 7 - Generation of A denovirus Vector Encoding CFTR ( Ad2/CFTR) y 

1 . DNA preparation - Construction of the recombinant Ad2/CFTR-1 virus (the sequence 
of which is shown in Table EL and as SEQ ID NO:3) was accomplished as follows: The 
CFTR cDNA was excised from the plasmid pCMV-CFTR-936C using restriction enzymes 

20 SpslandEcIIML. pCMV-CFTR-936C consists of a minimal CFTR cDNA encompassing 
nucleotides 123-4622 of the published CFTR sequence cloned into the multiple cloning site 
of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR cDNA within this 
plasmid has been completely sequenced. The Spfil/EcIDfil restriction fragment contains 47 
bp- of 5' sequence derived from synthetic linkers and the multiple cloning site of the vector. 

25 The CFTR cDNA (the sequence of which is shown as SEQ ID NO: 1 and the amino 

acid sequence encoded by the CFTR cDNA is shown as SEQ ID NO:2) was inserted between 
the Nhel and SnaBl restriction sites of the adenovirus gene transfer vector pBR-Ad2-7. pBR- 
Ad2-7 is a pBR322 based plasmid containing an approximately 7 kb insert derived from the 
5' 10680 bp of Ad2 inserted between the Clal and EamHl sites of pBR322. From this Ad2 
. 30 fragment, the sequences corresponding to Ad2 nucleotides 546-3497 were deleted and 

replaced with a 12 bp multiple cloning site containing an Nhel site, an MM site, and a SnaBl 
site. The construct also contains the 5' inverted terminal repeat and viral packaging signals, 
the Ela enhancer and promoter, the Elb 3' intron and the 3' untranslated region and 
polyadenylation sites. The resulting plasmid was called pBR-Ad2-7/CFTR. Its use to 

35 assemble virus is described below. 

2, Virus Preparation from DNA - To generate the recombinant Ad2/CFTR- 1 adenovirus, 
the vector pBR-Ad2-7/CFTR was cleaved with BstEl at the site corresponding to the unique 
EslEl site at 10670 in Ad2. The cleaved plamid DNA was ligated to BstBl restricted Ad2 
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DNA. Following ligation, the reaction was used to transfect 293 cells by/the calcium 
phosphate procedure. Approximately 7-8 days following transfection, a single plaque 
appeared and was used to reinfect a dish of 293 cells. Following development of cytopathic 
effect (CPE), the medium was removed and saved. Total DNA was prepared from the 
5 infected cells and analyzed by restriction analysis with multiple enzymes to verify the 
integrity of the construct. Viral supernatant was then used to infect 293 cells and upon 
development of CPE, expression of CFTR was assayed by the protein kinase A (PKA) 
immunoprecipitation assay (Gregory, R.J. et al. (1990) Nature 347:382 ). Following these 
verification procedures, the virus was further purified by two rounds of plaque purification. 
1 o Plaque purified virus was grown into a small seed stock by inoculation at low 

multiplicities of infection onto 293 cells grown in monolayers in 925 medium supplemented 
with 10% bovine calf serum. Material at this stage was designated a Research Viral Seed 
Stock (RVS S) and was used in all preliminary experiments. 

15 3. Virus Host Cell - Ad2/CFTR-1 is propagated in human 293 cells (ATCC CRL 1573). 
These cells are a human embryonal kidney cell line which were immortalized with sheared^ 
fragments of human Ad5 DNA. The 293 cell line expresses adenovirus early region 1 gene" 
products and in consequence, will support the growth of El deficient adenoviruses. By 
analogy with retroviruses, 293 cells could be considered a packaging cell line, but they differ 

20 from usual retrovirus lines in that they do not provide missing viral structural proteins, rather, 
they provide only some missing viral early functions. 

Production lots of virus are propagated in 293 cells derived from the Working Cell 
Bank (WCB). The WCB is in turn derived from the Master Cell Bank (MCB) which was 
grown up from a fresh vial of cells obtained from ATCC. Because 293 cells are of human 

25 origin, they are being tested extensively for the presence of biological agents. The MCB and 
WCB are being characterized for identity and the absence of adventitious agents by 
Microbiological Associates, Rockville, MD. 

4. Growth of Pr nfJnrtinn Lots of Virus 
• 30 Production lots of Ad2/CFTR-1 are produced by inoculation of approximately 5-10 x 

10 7 pfu of MVSS onto approximately 1-2 x 10 7 Web 293 cells grown in a T175 flask 
containing 25 mis of 925 medium. Inoculation is achieved by direct addition of the virus 
(approximately 2-5 mis) to each flask. Batches of 50-60 flasks constitute a lot. 

Following 40-48 hours incubation at 37°C, the cells are shaken loose from the flask 
35 and transferred with medium to a 250 ml centrifuge bottle and spun at 1000 xg. The cell 
pellet is resuspended in 4 ml phosphate buffered saline containing 0.1 g/1 CaCl2 and 0.1g/l 
MgCl2 and the cells subjected to cycles of freeze-thaw to release virus. Cellular debris is 
removed by centrifugation at 1000 xg for 15 min. The supernatant from this centrifugation is 
layered on top of the CsCl step gradient: 2 ml 1.4g/ml CsCl and 3 ml 1.25g/ml CsCl in 10 
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mM Tris, 1 mM EDTA (TE) and spun for 1 hour at 35,000 rpm in a Beckraan SW41 rotor. 
Virus is then removed from the interface between the two CsCl layers, mixed with 1 .35 g/ml 
CsCl in TE and then subjected to a 2.5 hour equilibrium centrifiigation at 75,000 rpm in a 
TLN-100 rotor. Virus is removed by puncturing the side of the tube with a hypodermic 
5 needle and gently removing the banded virus. To reduce the CsCl concentration, the sample 
is dialyzed against 2 changes of 2 liters of phosphate buffered saline with 10% sucrose. 

Following this procedure, dialyzed virus is stable at 4°C for several weeks or can be 
stored for longer periods at -80°C. Aliquots of material for human use will be tested and 
while awaiting the results of these tests, the remainder will be stored frozen. The tests to be 
1 0 performed are described below: 

5. Structure and Purity of Virus 

SDS polyacrylamide gel electrophoresis of purified virions reveals a number of 
polypeptides, many of which have been characterized. When preparations of virus were 
15 subjected to one or two additional rounds of CsCl centrifiigation, the protein profile obtained 
was indistinguishable. This indicates that additional equilibrium centrifiigation does not ^ 
purify the virus further, and may suggest that even the less intense bands detected in the virus 
preparations represent minor virion components rather than contaminating proteins. The 
identity of the protein bands is presently being established by N-terminal sequence analysis. 

20 

6. Contaminating Materials - The material to be administered to patients will be 2 x 10 6 
pfu, 2 x 10? pfu and 5 x 10? pfu of purified Ad2/CFTR-1 . Assuming a minimum particle to 
pfu ratio of 500, this corresponds to 1 x 10 9 , 1 x 10 10 and 2.5 x 10 10 viral particles, these 
correspond to a dose by mass of 0.25 ng, 2.5pg and 6.25 \xg assuming a moleuclar mass for 

25 adenovirus of 1 50 x 1 0 6 - 

The origin of the materials from which a production lot of the purified Ad2/CFTR-1 
is derived was described in detail above and is illustrated as a flow diagram in Figure 6. All 
the starting materials from which the purified virus is made (i.e., MCB, and WCB, and the 
MVSS) will be extensively tested. Further, the growth medium used will be tested and the 

30 semm will be from only approved suppliers who will provide test certificates. In this way, all 
the components used to generate a production lot will have been characterized. Following 
growth, the production lot virus will be purified by two rounds of CsCl centrifiigation, 
dialyzed, and tested. A production lot should constitute 1-5 x 10 10 pfu Ad2/CFTR-1. 

As described above, to detect any contaminating material aliquots of the production 

35 lot will be analyzed by SDS gel electrophoresis and restriction enzyme mapping. However, 
these tests have limited sensitivity. Indeed, unlike the situation for purified single chain 
recombinant proteins, it is very difficult to quantitate the purity of the AD2/CFTR-1 using 
SDS polyacrylamide gel electrophoresis (or similar methods). An alternative is the 
immunological detection of contaminating proteins (IDCP). Such an assay utilizes antibodies 
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raised against the proteins purified in a mock purification run. Development of such an assay 
has not yet been attempted for the CsCl purification scheme for Ad2/CFTR-1 . However, 
initially an IDCP assay developed for the detection of contaminants in recombinant proteins 
produced in Chinese hamster ovary (CHO) cells will be used. In addition, to hamster 
5 proteins, these assays detect bovine serum albumin (BS A), transferrin and IgG heavy and 
light chain derived from the serum added to the growth medium. Tests using such reagents to 
examine research batches of Ad2/CFTR-1 by both ELISA and Western blots are in progress. 

Other proteins contaminating the virus preparation are likely to be from the 293 cells - 
that is, of human origin. Human proteins contaminating therapeutic agents derived from 

1 0 human sources are usually not problematic. In this case, however, we plan to test the 
production lot for transforming factors. Such factors could be activities of contaminating 
human proteins or of the Ad2/CFTR-1 vector or other contaminating agents. For the test, it is 
proposed that 10 dishes of Rat 1 cells containing 2 x 10 6 cells (the number of target cells in 
the patient) with 4 times the highest human dose of Ad2/CFTR-1 (2 x 10 8 pfu) will be 

1 5 infected. Following infection, the cells will be plated out in agar and examined for the 

appearance of transformed foci for 2 weeks. Wild type adenovirus will be used as a control^ 

Nucleic acids and proteins would be expected to be separated from purified virus 
preparations upon equilibrium density centrifugation. Furthermore, the 293 cells are not 
expected to contain VL30 sequences. Biologically active nucleic cells should be detected. 



20 



Example 8 - Preliminary E x periments TestinP the Ability of Ad2/PQal OX Ad2/CFTR Vims 
to Enter Airway Epithelial Cells 



a. Hamster Studies 

25 Initial studies involving the intratracheal instillation of the Ad-pGal viral vector into 

Syrian hamsters, which are reported to be permissive for human adenovirus are being 
performed. The first study, a time course assessment of the pulmonary and systemic acute 
inflammatory response to a single intratracheal administration of Ad-pGal viral vector, has 
been completed. In this study, a total of 24 animals distributed among three treatment 
' 30 groups, specifically, 8 vehicle control, 8 low dose virus (1 x 10 1 1 particles; 3 x 10 8 pfu), and 
8 high dose virus (1.7 x 10 12 particles; 5 x IO 9 pfu), were used. Within each treatment 
group, 2 animals were analyzed at each of four time points after viral vector instillation: 6 
hrs, 24 hrs, 48 hrs, and 7 days. At the time of sacrifice of each animal, lung lavage and blood 
samples were taken for analysis. The lungs were fixed and processed for normal light-level 

35 histology. Blood and lavage fluid were evaluated for total leukocyte count and leukocyte 
differential. As an additional measure of the inflammatory process, lavage fluid was also 
evaluated for total protein. Following embeddings, sectioning and hematoxylin/eosin 
staining, lung sections were evaluated for signs of inflammation and airway epithelial 
damage. 
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With the small sample size, the data from this preliminary study were not amenable to 
statistical analyses, however, some general trends could be ascertained. In the peripheral 
blood samples, total leukocyte counts showed no apparent dose- or time- dependent changes. 
In the blood leukocyte differential counts, there may have been a minor dose-related 
5 elevation in percent neutrophil at 6 hours; however, data from all other time points showed no 
elevation in neutrophil percentages. Taken together, these data suggest little or nor systemic 
inflammatory response to the viral administration. 

From the lung lavage, some elevation in total neutrophil counts were observed at the 
first three time points (6 hr, 24 hr, 48 hr). By seven days, both total and percent neutrophil 
1 0 values had returned to normal range. The trends in lung lavage protein levels were more 
difficult to assess due to inter-animal variability; however, no obvious dose- or time- 
dependent effects were apparent. First, no damage to airway epithelium was observed at any 
time point or virus dose level. Second, a time- and dose- dependent mild inflammatory 
response was observed, being maximal at 48 hr in the high virus dose animals. By seven 
1 5 days, the inflammatory response had completely resolved, such that the lungs from animals in 
all treatment groups were indistinguishable. * 

In summary, a mild, transient, pulmonary inflammatory response appears to be 
associated with the intratracheal administration of the described doses of adenoviral vector in 
the Syrian Hamster. 

20 A second, single intratracheal dose, hamster study has been initiated. This study is 

designed to assess the possibility of the spread of ineffective viral vectors to organs outside of 
the lung and the antibody response of the animals to the adenoviral vector. In this study, the 
three treatment groups (vehicle control, low dose virus, high dose virus) each contained 12 
animals. Animals will be evaluated at three time points: 1 day, 7 days, and 1 month. In this 

25 study, viral vector persistence and possible spread will be evaluated by the assessment of the 
presence of infective virions in numerous organs including lung, gut, heart, liver, spleen, 
kidney, brain and gonads. Changes in adenoviral antibody titer will be measured in 
peripheral blood and lung lavage. Additionally, lung lavage, peripheral blood and lung 
histology will be evaluated as in the previous study. 

' 30 

b. Primate studies. 

Studies of recombinant adenovirus are also underway in primates. The goal of these 
studies is to assess the ability of recombinant adenoviral vectors to deliver genes to the 
respiratory epithelium in vivo and to assess the safety of the construct in primates. Initial 
35 studies in primates targeted nasal epithelia as the site of infection because of its similarity to 
lower airway epithelia, because of its accessibility, and because nasal epithelia was used for 
the first human studies. The Rhesus monkey [Macaca mulatto) has been chosen for studies, 
because it has a nasal epithelium similar to that of humans. 
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How expression of CFTR affects the electrolyte transport properties of the nasal 
epithelium can be studied in patients with cystic fibrosis. But because the primates have 
normal CFTR function, instead the ability to transfer a reporter gene was assessed. Therefore 
the Ad-pGal virus was used. The epithelial cell density in the nasal cavity of the Rhesus 

5 monkey is estimated to be 2 x 10 6 cells/cm (based on an average nasal epithelial cell 

diameter of 7 um) and the surface near 25-50 cm2. Thus, there are about 5 x 1 0? cells in the 
nasal epithelium of Rhesus monkey. To focus especially on safety, the higher viral doses 
(20-200 MOI) were used in vivo. Thus doses in the range of lO^-lO^ pfu were used. 

In the first pilot study the right nostril of Monkey A was infected with Ad-p-Gal (~1 

10 ml). This viral preparation was purified by CsCl gradient centrifugation and then by gel 

filtration chromatography one week later. Adenoviruses are typically stable in CsCl at 4°C • 
for one to two weeks. However, this viral preparation was found to be defective (i.e., it did 
not produce detectable p-galactosidase activity in the permissive 293 cells). Thus, it was 
concluded that there was no live viral activity in the material, p-galactosidase activity in 

15 nasal epithelial cells from Monkey A was also not detected. Therefore, in the next study, two 
different preparations of Ad-p-Gal virus: one that was purified on a CsCl gradient and then j; 
dialyzed against Tris-buffered saline to remove the CsCl, and a crude unpurified one was 
used. Titers of Ad-p-Gal viruses were ~2 x 10l0 p fu/ml and > 1 x 10*3 pfu/ml, respectively, 
and both preparations produced detectable p-galactosidase activity in 293 cells. 

20 Monkeys were anesthetized by intramuscular injection of ketamine(l 5 mg/kg). One 

week before administration of virus, the nasal mucosa of each monkey was brushed to 
establish baseline cell differentials and levels of p-galactosidase. Blood was drawn for 
baseline determination of cell differentials, blood chemistries, adenovirus antibody titers, and 
viral cultures. Each monkey was also examined for weight, temperature, appetite, and 

25 general health prior to infection. 

The entire epithelium of one nasal cavity was used in each monkey. A foley catheter 
(size 10) was inserted through each nasal cavity into the pharynx, inflated with 2-3 ml of air, 
and then pulled anteriorly to obtain tight posterior occlusion at the posterior choana. Both 
nasal cavities were then irrigated with a solution (~5 ml) of 5 mM dithiothreitol plus 0.2 U/ml 

30 neuraminidase in phosphate-buffered saline (PBS) for five minutes. This solution was used 
to dissolve any residual mucus overlaying the epithelia. (It was subsequently found that such 
treatment is not required.) The washing procedure also allowed the determination of whether 
the balloons were effectively isolating the nasal cavity. The virus (Ad-p-Gal) was then 
slowly instilled into the right nostril with the posterior balloon inflated. The viral solution 

35 remained in contact with the nasal mucosa for 30 minutes. At the end of 30 minutes, the 
remaining viral solution was removed by suction. The balloons were deflated, the catheters 
removed, and the monkey allowed to recover from anesthesia. Monkey A received the CsCl- 
purified virus (-1.5 ml) and Monkey B received the crude virus (~6 ml), (note that this was 
the second exposure of Monkey A to the recombinant adenovirus). 
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Both monkeys were followed daily for appearance of the nasal mucosa, conjunctivitis, 
appetite, activity, and stool consistency. Each monkey was subsequently anesthetized on 
days 1, 4, 7, 14, and 21 to obtain nasal, pharyngeal, and tracheal cell samples (either by 
swabs or brushes) as described below. Phlebotomy was performed over the same time course 
5 for hematology, ESR, general screen, antibody serology and viral cultures. Stools were 
collected every week to assess viral cultures. 

To obtain nasal epithelial cells from an anesthetized monkey, the nasal mucosa was 
first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, Schering- 
Plough) and 1 ml of 2% Lidocaine for 5 min. A cytobrush (the kind typically used for Pap 
10 smears) was then used to gently rub the mucosa for about 10 seconds. For tracheal brushings, 
a flexible fiberoptic bronchoscope; a 3 mm cytology brush (Bard) was advanced through the 
bronchoscope into the trachea, and a small area was brushed for about 10 seconds. This 
procedure was repeated twice to obtain a total of ~106 cells/ml. Cells were then collected on 
slides (approximately 2 x 10* cells/slide using a Cytospin 3 (Shandon, PA)) for subsequent 

1 5 staining (see below). 

To determine viral efficacy, nasal, pharyngeal, and tracheal cells were stained for p-^fr 
galactosidase using X-gal (5 bromo-4-chloro-3-tadolyl-p-D-galactoside). Cleavage of X-gal 
by p-galactosidase produces a blue color that can be seen with light microscopy. The Ad-p- 
gal vector included a nuclear-localization signal (MLS) (from SV40 large T-antigen) at the 

20 amino-terminusofthep-galactosidase sequence to direct expression of this protein to the 
nucleus. Thus, the number of blue nuclei after staining was determined. 

RT-PCR (reverse transcriptase-polymerase chain reaction) was also used to determine 
viral efficacy. This assay indicates the presence of p-galactosidase mRNA in cells obtained 
by brushings or swabs. PCR primers were used in both the adenovirus sequence and the 

25 LacZ sequence to distinguish virally-produced mRNA from endogenous mRNA. PCR was 
also used to detect the presence of the recombinant adenovirus DNA. Cytospin preparations 
was used to assess for the presence of virally produced p-galactosidase mRNA in the 
respiratory epithelial cells using in-sjtu hybridization. This technique has the advantage of 
being highly specific and will allow assessment which cells are producing the mRNA. 

30 Whether there was any inflammatory response was assessed by visual inspection of 

the nasal epithelium and by cytological examination of Wright-stained cells (cytospin). The 
percentage of neutrophils and lymphocytes were compared to that of the control nostril and to 
the normal values from four control monkeys. Systemic repsonses by white blood cell 
counts, sedimentation rate, and fever were also assessed. 

35 Viral replication at each of the time points was assessed by testing for the presence of 

live virus in the supernatant of the cell suspension from swabs or brushes. Each supernatant 
was used to infect (at several dilutions) the virus-sensitive 293 cell line. Cytopathic changes 
in the 293 cells were monitored for 1 week and then the cells were fixed and stained for p- 
galactosidase. Cytopathic effects and blue-stained cells indicated the presence of live virus. 
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Positive supernatants will also be subjected to analysis of nonintegrating DNA to identify 
(confirm) the contributing virus(es). 

Antibody titers to type 2 adenovirus and to the recombinant adenovirus were 
determined by ELISA. Blood/serum analysis was performed using an automated chemistry 
5 analyzer Hitachi 737 and an automated hematology analyzer Technicom H6. The blood 
buffy coat was cultured in A549 cells for wild type adenovirus and was cultured in the 

permissive 293 ce&s. 

Results: Both monkeys tolerated the procedure well. Daily examination revealed no 
evidence of coryza, conjunctivitis or diarrhea. For both monkeys, the nasal mucosa was 

1 0 mildly erythematous in both the infection side and the control side; this was interpreted as 
being due to the instrumentation. Appetites and weights were not affected by virus 
administrated in either monkey. Physical examination on days 1, 4,7, 14 and 21 revealed no 
evidence of lymphadenopathy, tachypnea, or tachycardia. On day 21 , monkey B had a 
temperature 39.1°C (normal for Rhesus monkey 38.8°C) but had no other abnormalities on 

1 5 physical exam or in laboratory data. Monkey A had a slight leukocytosis on day 1 post 

infection which returned to normal by day 4; the WBC was 4,920 on the day of infection, ^ 
8,070 on day 1, and 5,200 on day 4. The ESR did not change after the infection. Electrolytes 
and transaminases were normal throughout. 

Wright stains of cells from nasal brushing were performed on days 4, 7, 14, and 21. 

20 They revealed less than 5% neutrophils and lymphocytes. There was no difference between 
the infected and the control side. 

X-Gal stains of the pharyngeal swabs revealed blue-stained cells in both monkeys on 
days 4, 7, and 14; only a few of the cells had clear nuclear localization of the pigment and 
some pigment was seen in extracellular debris. On day 7 post infection, X-Gal stains from 

25 the right nostril of monkey A, revealed a total of 135 ciliated cells with nuclear-localized blue 
stain. The control side had only 4 blue cells Monkey B had 2 blue cells from the infected 
nostril and none from the control side. Blue cells were not seen on day 7, 14, or 21. 

RT-PCR on day 3 post infection revealed a band of the correct size that hybridized 
with a p-Gal probe, consistent with P-Gal mRNA in the samples from Monkey A control 
, 30 nostril and Monkey B infected nostril. On day 7 there was a positive band in the sample from 
the infected nostril of Monkey A, the same specimen that revealed blue cells. 

Fluid from each nostril, the pharynx, and trachea of both monkeys was placed on 293 
cells to check for the presence of live virus by cytopathic effect and X-Gal stain. In Monkey 
A, live virus was detected in both nostrils on day 3 after infection; no live virus was detected 

35 at either one or two weeks post-infection. In Monkey B, live virus was detected in both 
nostrils, pharynx, and trachea on day 3, and only in the infected nostril on day 7 after 
infection. No live virus was detected 2 weeks after the infection. 
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C. Human Fxpla nt Studies 

In a second type of experiment, epithelial cells from a nasal polyp of a CF patient 
were cultured on permeable filter supports. These cells form an electrically tight epithelial 
monolayer after several days in culture. Eight days after seeding, the cells were exposed to 
5 the Ad2/CFTR virus for 6 hours. Three days later, the short-circuit current (lsc) across the 
monolayer was measured. cAMP agonists did not increase the lsc, indicating that there was 
no change in chloride secretion. However, this defect was corrected after infection with 
recombinant Ad2/CFTR. Cells infected with Ad2/CFTR (MOI=5; MOI refers to multiplicity 
of infection; 1 MOI indicates one pfu/cell) express functional CFTR; cAMP agonists 

10 stimulated lsc, indicating stimulation of CI" secretion. Ad2/CFTR also corrected the CF 
chloride channel defect in CF tracheal epithelial cells. Additional studies indicated that 
Ad2/CFTR was able to correct the chloride secretory defect without altering the 
transepithelial electrical resistance; this result indicates that the integrity of the epithelial cells 
and the tight junctions was not disrupted by infection with Ad2/CFTR. Application of 1 MOI 

1 5 of Ad2/CFTR was also found to be sufficient to correct the CF chloride secretory defect. 

The experiments using primary cultures of human airway epithelial cells indicate that 
the Ad2/CFTR virus is able to enter CF airway epithelial cells and express sufficient CFTR to 
correct the defect in chloride transport. 

20 q -Tn vivo rvKvKrv tn a nd Fvnrrssion of CFTR in Cotton Rat and Rhcros Monkey 

Epithelium 

MATERIALS AND METHODS 

Adenovirus vector 

25 Ad2/CFTR-1 was prepared as described in Example 7. The DNA construct comprises 

a full length copy of the Ad2 genome of approximately 37.5 kb from which the early region 1 
genes (nucleotides 546 to 3497) have been replaced by cDNA for CFTR (nucleotides 123 to 
4622 of the published CFTR sequence with 53 additional linker nucleotides). The viral Ela 
promoter was used for CFTR cDNA. Tenrunation/polyadenylation occurs at the site 

30 normally used by the Elb and protein IX transcripts. The recombinant virus E3 region was 
conserved. The size of the Ad2-CFTR-1 vector is approximately 104.5% that of wild-type 
adenovirus. The recombinant virus was grown in 293 cells that complement the El early 
viral promoters. The cells were frozen and thawed three times to release the virus and the 
preparation was purified on a CsCl gradient, then dialyzed against Tris-buffered saline (TBS) 

35 to remove the CsCl, as described. 
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Animals 

Rats. Twenty two cotton rats (6-8 weeks old, weighing between 80-100 g) were used 
for this study. Rats were anesthetized by inhaled methoxyflurane (Pitman Moore, Inc., 
Mundelen, 111). Virus was applied to the lungs by nasal instillation during inspiration. 

5 Two cotton rat studies were performed. In the first study, seven rats were assigned to 

a one time pulmonary infection with 100 ul solution containing 4.1 x 10* plaque forming 
units (pfu) of the Ad2/CFTR-1 virus and 3 rats served as controls. One control rat and either 
two or three experimental rats were sacrificed with methoxyflurane and studies at each of 
three time points: 4, 1 1, or 15 days after infection. 

10 The second group of rats was used to test the effect of repeat administration of the 

recombinant virus. All 12 rats received 2.1 x 10* pfu of the Ad2/CFTR-1 virus on day 0 and 
9 of the rats received a second dose of 3.2 x 10* pfu of Ad2/CFTR-1 14 days later. Groups 
of one control rat and three experimental rats were sacrificed at 3, 7, or 14 days after the 
second administration of virus. Before necropsy, the trachea was cannulated and 

1 5 brochoaveolar lavage (BAL) was performed with 3 ml aliquots of phosphate-buffered saline. 
A median sternotomy was performed and the right ventricle cannulated for blood collection^ 
The right lung and trachea were fixed in 4% formaldehyde and the left lung was frozen in 
liquid nitrogen and kept at -70°C for evaluation by immunochemistry, reverse transcriptase 
polymerase chain reaction (RT-PCR), and viral culture. Other organs were removed and 

20 quickly frozen in liquid nitrogen for evaluation by polymerase chain reaction (PCR). 

Monkeys. Three female Rhesus monkeys were used for this study; a fourth female 
monkey was kept in the same room, and was used as control. For application of the virus, the 
monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). The entire 
epithelium of one nasal cavity in each monkey was used for virus application. A foley 

25 catheter (size 10) was inserted through each nasal cavity into the pharynx, the balloon was 
inflated with 2-3 ml of air, and then pulled anteriorly to obtain a tight occlusion at the 
posterior choana. The Ad2/CFTR-1 virus was then instilled slowly in the right nostril with 
the posterior balloon inflated. The viral solution remained in contact with the nasal mucosa 
for 30 min. The balloons were deflated, the catheters were removed, and the monkeys were 
. 30 allowed to recover from anesthesia. A similar procedure was performed on the left nostril, 
except that TBS solution was instilled as a control. The monkeys received a total of three 
doses of the virus over a period of 5 months. The total dose given was 2.5 x 10* pfu the first 
time, 2.3 x 10* pfu the second time, and 2.8 x 10* pfu the third time. It was estimated that 
the cell density of the nasal epithelia to be 2 x 10* cells/cm2 a surface area of 25 to 50 

35 cm2. This corresponds to a multiplicity of infection (MOI) of approximately 25. 

The animals were evaluated 1 week before the first administration of virus, on the day 
of administration, and on days 1, 3, 6, 13, 21, 27, and 42 days after infection. The second 
administration of vims occurred on day 55. The monkeys were evaluated on day 55 and then 
on days 56, 59, 62, 69, 76, 83, 89, 96, 103, and 1 1 1 . For the third administration, on day 134, 
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only the left nostril was cannulated and exposed to the virus. The control monkey received 
instillations of PBS instead of virus. Biopsies of the left medial turbinate were carried out on 
day 135 in one of the infected monkeys, on day 138 on the second infected monkey, and on 
day 142 on the third infected monkey and on the control monkey. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(1 5 mg/kg). To obtain nasal epithelial cells, the nasal mucosa was first impregnated with 5 
drops of Afrin (0.05% oxymetazoline hydrochloride, Schering-Plough) and 1 ml of 2% 
Lidocaine for 5 minutes. A cytobrush was then used to gently rub the mucosa for about 3 
sec. To obtain pharyngeal epithelial swabs, a cotton-tipped applicator was rubbed over the 

1 0 back of the pharynx 2-3 times. The resulting cells were dislodged from brushes or 

applicators into 2 ml of sterile PBS. Biopsies of the medial turbinate were performed using 
cupped forceps under direct endoscopic control. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool, . 

1 5 consistency was also recorded to check for the possibility of diarrhea. At each of the 

evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. ^ 
The nasal mucosa, conjunctivas, and pharynx were visually inspected. The monkeys were 
also examined for lymphadenopathy. 

Venous blood from the monkeys was collected by standard venipuncture technique. 

20 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 

Hospitals and Clinics using a Hitachi 737 automated chemistry analyzer and a Technicom H6 
automated hematology analyzer. 

Serology 

25 Sera were obtained and anti-adenoviral antibody titers were measured by an enzyme- 

linked immunoadsorbant assay (ELISA). For the ELISA, 50 ng/well of filled adenovirus 
(Lee Biomolecular Research Laboratories, San Diego, Ca) in 0.1M NaHC03 were coated on 
96 well plates at 4°C overnight. The test samples at appropriate dilutions were added, 
starting at a dilution of 1/50. The samples were incubated for 1 hour, the plates washed, and 

30 a goat anti-human IgG HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, 
PA) was added and incubated for 1 hour. The plates were washed and O-Phenylenediamine 
(Sigma Chemical Co., St. Louis, MO) was added for 30 min. at room temperature. The assay 
was stopped with 4.5 M H2SO4 and read at 490 nm on a Molecular Devices microplate 
reader. The titer was calculated as the product of the reciprocal of the initial dilution and the 

35 reciprocal of the dilution in the last well with an OD>0.100. 

Neutralizing antibodies measure the ability of the monkey serum to prevent infection 
of 293 cells by adenovirus. Monkey serum (1:25 dilution) [or nasal washings (1:2 dilutions)] 
was added in two-fold serial dilutions to a 96 well plate. Adenovirus (2.5 x 10 s pfu) was 
added and incubated for 1 hour at 37°C. The 293 cells were then added to all wells and the 
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plates were incubated until the serum-free control wells exhibited >95% cytopathic effect. 
The titer was calculated as the product of the reciprocal of the initial dilution times the 
reciprocal of the dilution in the last well showing >95% cytopathic effect. 

5 F r nr,r.hnalveol a r |fl™g» «md nasal hnishines for CYtOlQgY 

Bronchoalveolar lavage (BAL) was performed by cannulating the trachea with a 
silastic catheter and injecting 5 ml of PBS. Gentle suction was applied to recover the fluid. 
The BAL sample was spun at 5000 rpm for 5 min. and cells were resuspended in 293 media 
at a concentration of 10* cells/ml. Cells were obtained from the monkey's nasal epithelium 
10 by gently rubbing the nasal mucosa for about 3 sec. with a cytobmsh. The resulting cells 
were dislodged from the brushes into 2 ml of PBS. Forty microliters of the cell suspension 
were cytocentrifuged onto slides and stained with Wright's stain. Samples were examined by 
light microscopy. 

15 

Histology of lr"g sp-ctinri fi mA na<;al hiopsies ^ 

The right lung of each cotton rat was removed, inflated with 4% formaldehyde, and 
embedded in paraffin for sectioning. Nasal biopsies from the monkeys were also fixed with 
4% formaldehyde. Histologic sections were stained with hematoxylin and eosin (H&E). 
20 Sections were reviewed by at least one of the study personnel and by a pathologist who was 
unaware of the treatment each rat received. 

Tmmunocvtochemistrv. . 

Pieces of lung and trachea of the cotton rats and nasal biopsies were frozen in liquid 
25 nitrogen on O.C.T. compound. Cryosections and paraffin sections of the specimens were 
used for immunofluorescence microscopy. Cytospin slides of nasal brushings were prepared 
on gelatin coated slides and fixed with paraformaldehyde. The tissue was permeabilized with 
Triton X-100, then a pool of monoclonal antibodies to CFTR (M13-1, Ml-4) (Denning, G.M. 
et al. (1992) J. Clin. Invest. 89:339-349) was added and incubated for 12 hours. The primary 
. 30 antibody was removed and an anti-mouse biotinylated antibody (Biomeda, Foster City, CA) 
was added. After removal of the secondary antibody, streptavidin FITC (Biomeda, Foster 
City Ca) was added and the slides were observed under a laser scanning confocal 
microscope. Both control animal samples and non-immune IgG stained samples were used as 
controls. 



35 



PCR was performed on pieces of small bowel, brain, heart, kidney, liver, ovaries, and 
spleen from cotton rats. Approximately 1 g of the rat organs was mechanically ground and 
mixed with 50 ul sterile water, boiled for 5 min., and centrifuged. A 5 ul aliquot of the 
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supematant was removed for further analysis. Monkey nasal brushings suspensions were 
also used for PCR. 

Nested PCR primer sets were designed to selectively amplify Ad2/CFTR-1 DNA over 
endogenous CFTR by placing one primer from each set in the adenovirus sequence and the 
5 other primer in the CFTR sequence. The first primer set amplifies a 723 bp fragment and is 
shown below: 

Ad2 5' ACT CTT GAG TGC CAG CGA GTA GAG TTT TCT CCT CCG 3' (SEQ ID 
NO:4) 

CFTR 5 1 GCA AAG GAG CGA TCC ACA CGA AAT GTG CC 3' (SEQ ID NO:5) 
10 The nested primer set amplifies a 506 bp fragment and is shown below: 
Ad2 5'CTCCTCCGAGCCGCTCCGAGCTAG3'(SEQIDNO:6) 
CFTR 5' CCA AAA ATG GCT GGG TGT AGG AGC AGT GTC C 3' (SEQ ID NO:7) 

A PCR reaction mix containing 10mMTris-Cl(pH8.3),50mMKCl, 1.5mMMgCl 2 , 
0.001% (w/v) gelatin, 400 uM each dNTP, 0.6 uM each primer (first set), and 2.5 units 
15 AmpliTaq (Perkin Elmer) was aliquoted into separate tubes. A 5 ul aliquot of each sample 
prep was then added and the mixture was overlaid with 50 ul of light mineral oil. The ¥ 
samples were processed on a Banistead/Thermolyne (Dubuque, IA) thermal cycler 
programmed for 1 min. at 94°C, 1 min. at 65«C, and 2 min. at 72°C for 40 cycles. Post-run 
dwell was for 7 min. at 72°C. A 5 ul aliquot was removed and added to a second PCR 
20 reactionusingthenestedsetofprimersandcycledasabove. A 10 ul aliquot of the final 
amplification reaction was analyzed on a 1% agarose gel and visualized with ethidium 
bromide. 

To determine the sensitivity of this procedure, a PCR mix containing control rat liver 
supernatant was aliquoted into several tubes and spiked with dilutions of Ad2/CFTR-1 . 
25 Following the amplification protocols described above, it was determined that the nested 
PCR procedure could detect as little as 50 pfu of viral DNA. 



RT-PCR 

RT-PCR was used to detect vector-generated mRNA in cotton rat lung tissue and 
30 samples from nasal brushings from monkeys. A 200 ul aliquot of guanidine isothiocyanate 
solution (4 M guanidine isothiocyanate, 25 mM sodium citrate P H 7.0, 0.5% sarcosyl, and 0. 1 
M p-mercaptoethanol) was added to a frozen section of each lung and pellet from nasal 
brushings and the tissue was mechanically ground. Total RNA was isolated utilizing a 
single-step method (Chomczynski, P. and Sacchi, N. et al. (1 987) Analytical Biochemistry 
35 162:156-159;Hanson,C.A.etal.(1990)^m.7.Pa// IO /. 137:1-6). The RNA was incubated 
with 1 unit RQ1 RNase-free DNase (Promega Corp, Madison WI)) at 37°C for 20 min., 
denatured at 99°C for 5 min., precipitated with ammonium acetate and ethanol, and 
redissolved in 4 ul diethylpyrocarbonate treated water containing 20 units RNase Block 1 
(Stratagene, La Jolla CA). A 2 ul aliquot of the purified RNA was reverse transcribed using 
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the GeneAmp RNA PCR kit (Perkin Elmer Cetus) and the downstream primer from the first 
primer set described in the previous section. Reverse transcriptase was omitted from the 
reaction with the remaining 2 ul of the purified RNA prep, as a control in which preparations 
(both +/- RT) were then amplified using nested primer sets and the PCR protocols described 
5 above. A 10 ul aliquot of the final amplification reaction was analyzed on a 1% agarose gel 
and visualized with ethidium bromide. 

S ff1 ifhp.rn analysis. 

To verify the identity of the PCR products, Southern analysis was performed. The 
10 DNA was transferred to a nylon membrane as described (Sambrook fit al, supra). A 
fragment of CFTR cDNA (amino acids #1-525) was labeled with [32 P ]-dCTP (ICN 
Biomedicals, Inc. Irvine CA) using an oligolabeling kit (Pharmacia, Piscataway, NJ) and 
purified over a NICK column (Pharmacia Piscataway, NJ) for use as a hybridization probe. 
The labeled probe was denatured, cooled, and incubated with the prehybridized filter for .15 
15 hours at 42°C. The hybridized filter was then exposed to film (Kodak XAR-5) for 10 mm. 



r *1llt llrA nf ArWyf-FTR-l 

20 Viral cultures were performed on the permissive 293 cellline. For culture of virus 

from lung tissue, 1 g of lung was frozen/thawed 3-6 times and then mechanically disrupted in 
200 ixl of 293 media. For culture of BAL and monkey nasal brushings, the cell suspension 
was spun for 5 rain and the supernatant was collected. Fifty ul of the supernatant was added 
in duplicate to 293 cells grown in 96 well plates at 50% confluence. The 293 cells were 

25 incubated for 72 hr at 37°C, then fixed with a mixture of equal parts of methanol and acetone 
for 10 min. and incubated with FITC-labeled anti-adenovirus monoclonal antibodies 
(Chemicon, Light Diagnostics, Temecuca, CA) for 30 min. Positive nuclear 
immunofluorescence was interpreted as positive culture. The sensitivity of the assay was 
evaluated by adding dilutions of Ad2/CFTR-1 to 50 ul of the lung homogenate from one of 

.30 the control rats. Viral replication was detected when as little as 1 pfu was added. 

RESULTS 

Fffjr fl r. y nf AH77CFT R-1 I" «hc »» nps " f cottQn rats - 

To test the ability of Ad2/CFTR-1 to transfer CFTR cDNA to the intrapulmonary 
35 airway epithelium, several studies were performed. 4 x 10 pfu - IU of Ad2/CFTR-1 in 100 ul 
was adminstered to seven cotton rats; three control rats received 100 ul of TBS (the vehtcle 
for the virus). The rats were sacrificed 4, 10 or 14 days later. To detect viral transcripts 
encoding CFTR, reverse transcriptase was used to prepare cDNA from lung homogenates. 
The cDNA was amplified with PCR using primers that span adenovirus and CFTR-encoded 
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sequences. Thus, the procedure did not detect endogenous rat CFTR. Figure 1 6 shows that 
the lungs of animals which received Ad2/CFTR-1 were positive for virally-encoded CFTR 
mRNA. The lungs of all control rats were negative. 

To detect the protein, lung sections were immunostained with antibodies specific to 
5 CFTR. CFTR was detected at the apical membrane of bronchial epithelium from all rats 
exposed to Ad2/CFTR-1. but not from control rats. The location of recombinant CFTR at the 
apical membrane is consistent with the location of endogenous CFTR in human airway 
epithelium. Recombinant CFTR was detected above background levels because endogenous 
levels of CFTR in airway epithelia are very low and thus, difficult to detect by 
10 immunocytochemistry (Trapnell, B. et al. (1991) Proc. Natl. Acad Sci. USA 88:6565-6569; 
Denning, G.M. et al. (1992) J. Cell Biol. 1 18:551-59). 

These results show that Ad2/CFTR-1 directs the expression of CFTR mRNA in the 
lung of the cotton rat and CFTR protein in the intrapulmonary airways. 

15 Safet y nf Ari?./r FTR-1 in mtton rats. 

Because the El region of Ad2 is deleted in the Ad2/CFTR-1 virus, the vector was f 
expected to be replication-impaired (Berkner, K.L. (1988) BioTechniques 6:616-629) and that 
it would be unable to shut off host cell protein synthesis (Basuss, L.E. et al. (1 989) J. Virol. 
50-202-212). Previous in vitro studies have suggested that this is the case in a variety of cells 

20 including primary cultures of human airway epithelial cells (Rich, D.P.etal. (1993) tfum<m 
Gene Therapy 4:461-476). However, it is important to confirm this in vivo in the cotton rat, 
which is the most permissive animal model for human adenovirus infection (Ginsberg, H.S. 
et al. (1989) Proc. Natl. Acad. Sci. USA 86:3823-3827; Prince, G.A. et al. (1993) J. Virol 
67:101-1 1 1). Although dose of virus of 4.1 x 10l0 pfus per kg was used, none of the rats 

25 died. More importantly, extracts from lung homogenates from each of the cotton rats were 
cultured in the permissive 293 cell line. With this assay 1 pfu of recombinant virus was 
detected in lung homogenate. However, virus was not detected by culture in the lungs of any 
of the treated animals. Thus, the virus did not appear to replicate in vivo. 

It is also possible that administration of Ad2/CFTR-1 could cause an inflammatory 

. 30 response, either due to a direct effect of the virus or as a result of administration of viral 
particles. Several studies were performed to test this possibility. None of the rats had a 
change in the total or differential white blood cell count, suggesting that there was no major 
systemic inflammatory response. To assess the pulmonary inflammatory response more 
directly, bronchoalveolar lavage was performed on each of the rats (Figures 17A and 17B). 

35 Figure 17A shows that there was no change in the total number of cells recovered from the 
lavage or in the differential cell count. 

Sections of the lung stained by H&E were also prepared. There was no evidence of 
viral inclusions or any other changes characteristic of adenoviral infection (Prince, G.A. et al. 
(1993) J. Virol. 67:101-1 1 1). When coded lung sections were evaluated by a skilled reader 
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who was unaware of which sections were treated, she was unable to distinguish between 
sections from the treated and untreated lungs. 

It seemed possible that the recombinant adenovirus could escape from the lung into 
other tissues. To test for this possibility, other organs from the rats were evaluated using 

5 nested PCR to detect viral DNA. All organs tested from infected rats were negative, with the 
exception of small bowel which was positive in 3 of 7 rats. Figure 1 8 shows the results of 2 
infected rats and one control rat sacrificed on day 4 after infection. The organ homogenates 
from the infected rats sacrificed were negative for Ad2/CFTR-1 with the exception of the 
small bowel. Organ homogenates from control rats sacrificed on day 4 after infection were 

10 negative for Ad2/CFTR-1 . The presence of viral DNA in the small bowel suggests that the 
rats may have swallowed some of the virus at the time of instillation or, alternatively, the 
normal airway clearance mechanisms may have resulted in deposition of viral DNA in the 
gastrointestinal tract. Despite the presence of viral DNA in homogenates of small intestine, 
none of the rats developed diarrhea. This result suggests that if the virus expressed CFTR in 

1 5 the intestinal epithelium, there was no obvious adverse consequence. 

W 

F~pr a t wW**™*™ of Ad?./CFTR-1 to cotton rats 

Because adenovirus DNA integration into chromosomal DNA is not necessary for 
gene expression and only occurs at very low frequency, expression following any given 

20 treatment was anticipated to be finite and that repeated administration of recombinant 

adenovirus would be required for treatment of CF airway disease. Therefore, the effect of 
repeated administration of Ad2/CFTR-1 cotton rats was examined. Twelve cotton rats 
received 50 ul of Ad2/CFTR-1 . Two weeks later, 9 of the rats received a second dose of 50 p. 
1 of Ad2/CFTR-1 and 3 rats received 50 ul of TBS. Rats were sacrificed on day 3, 7, or 14 

25 after virus adniinistration. At the time of the second vector administration all cotton rats had 
an increased antibody titer to adenovirus. 

After the second intrapulmonary adirdnistration of virus, none of the rats died. 
Moreover, the results of studies assessing safety and efficacy were similar to results obtained 
in animals receiving adenovirus for the first time. Viral cultures of rat lung homogenates on 

30 293 cells were negative at all time points, suggesting that there was no virus replication. 
There was no difference between treated and control rats in the total or differential white 
blood count at any of the time points. The lungs were evaluated by histologic sections 
stained with H&E; and found no observable differences between the control and treated rats 
when sections were read by us or by a blinded skilled reader. Examples of some sections are 

35 shown in Figure 19. When organs were examined for viral DNA using PCR, viral DNA was 
found only in the small intestine of 2 rats. Despite seropositivity of the rats at the time of the 
second administration, expression of CFTR (as assessed by RT-PCR and by 
immunocytochemistry of sections stained with CFTR antibodies) similar to that seen in 
animals that received a single administration was observed. 
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These results suggest that prior administration of Ad2/CFTR-1 and the development 
of an antibody response did not cause an inflammatory response in the rats nor did it prevent 
virus-dependent production of CFTR. 

5 p.virf mCT that A ^ /rFTR.i expresses CFTR in nrirnatr airway epithelium 

The cells lining the respiratory tract and the immune system of primates are similar to 
those of humans. To test the ability of Ad2/CFTR-1 to transfer CFTR to the respiratory 
epithelium of primates, Ad2/CFTR was applied on three occasions as described in the 
methods to the nasal epithelium of three Rhesus monkeys. To obtain cells from the 

1 0 respiratory epithelium, the epithelium was brushed using a procedure similar to that used to 
sample the airway epithelium of humans during fiberoptic bronchoscopy. 

To assess gene transfer, RT-PCR was used as described above for the cotton rats. RT 
- PCR was positive on cells brushed from the right nostril of all three monkeys, although it 
was only detectable for 18 days after virus administration. An example of the results are 

15 shovyn in Figure 20A. The presence of apositive reaction in cells from the left nostril most 
likely represents some virus movement to the left side due to drainage, or possibly from the-£- 
monkey moving the virus from one nostril to the other with its fingers after it recovered from 
anesthesia. 

The specificity of the RT-PCR is shown in Figure 20B. A Southern blot with a probe 
20 to CFTR hybridized with the RT-PCR product from the monkey infected with Ad2/CFTR-1. 
As a control, one monkey received a different virus (Ad2/pGal-l) which encodes p- 
galactosidase. When different primers were used to reverse transcribe the p-galactosidase 
mRNA and amplify the cDNA, the appropriate PCR product was detected. However, the 
PCR product did not hybridize to the CFTR probe on Southern blot. This result shows the 
25 specificity of the reaction for amplification of the adenovirus-directed CFTR transcript. 

The failure to detect evidence of adenovirus-encoded CFTR mRNA at 18 days or 
beyond suggests that the sensitivity of the RT-PCR may be low because of limited efficacy of 
the reverse transcriptase or because RNAses may have degraded RNA after cell acquisition. 
Viral DNA, however, was detected by PCR in brushings from the nasal epithelium for 
30 seventy days after application of the virus. This result indicates that although mRNA was not 
detected after 2 weeks, viral DNA was present for a prolonged period and may have been 

transcriptionally active. 

To assess the presence of CFTR proteins directly, cells obtained by brushing were 
plated onto slides by cytospin and stained with antibodies to CFTR. Figure 21 shows an 
35 example of the immunocytochemistry of the brushed cells. A positive reaction is clearly 
evident in cells exposed to Ad2/CFTR-1 . The cells were scored as positive by 
immunocytochemistry when evaluated by a reader uninformed to the identity of the samples. 
Immunocytochemistrv remained positive for five to six weeks for the three monkeys, even 
after the second administration of Ad2/CFTR-1 . On occasion, a few positive staining cells 
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were observed from the contralateral nostril of the monkeys. However, this was of short 
duration, lasting at most one week. > 

Sections of nasal turbinate biopsies obtained within a week after the third infection 
were also examined. In sections from the control monkey, little if any immunofluorescence 
5 from the surface epithelium was observed, but the submucosal glands showed s,gnificant 
staining of CFTR (Fig. 22). These observations are consistent with results of previous 
studies (Engelhardt, J.F. and Wilson, J.M. (1992) Nature Gen. 2:240-248.) In contrast, 
sections from monkeys that received Ad2/CFTR-1 revealed increased immunofluorescence at 
the apical membrane of the surface epithelium. The submucosal glands did not appear to 
10 havegreaterimmunostrainingthanwasobservedundercontrolconditions. Theseresults 
indicate that Ad2/CFTR-1 can transfer the CFTR cDNA to the airway epithehum of Rhesus 
monkeys, even in seropositive animals (see below). 

Fflf? tv of Ad2/T r R-1 «iHmiiiistmd to monkeys 

15 Figure 23 shows that all three treated monkeys developed antibodies agamst 

adenovirus. Antibody titers measured by ELISA rose within two weeks after the first 
infection. -With subsequent infections the titer rose within days. The sentinel monkey had 
low antibody titers throughout the experiment. Tests for the presence of neutralizing 
antibodies were also performed. After the first administration, neutralizing antibodies were 

20 not observed, but they were detected after the second administration and during the third viral 

administration (Fig. 23). 

To detect virus, supernatants from nasal brushings and swabs were cultured on 293 
cells. Allmonkeyshadpositiveculturesonday 1 and on day 3 or 4 from the infected nostnl. 
Cultures remained positive in one of the monkeys at seven days after administration, but 
25 cultures were never positive beyond 7 days. Live virus was occasionally detected in swabs 
from the contra lateral nostril during the first 4 days after infection. The rapid loss of 
. detectablevirussuggeststhattherewasnotviralrepUcation. Stools were routinely cultured, 
but virus was never detected in stools from any of the monkeys. 

None of the monkeys developed any clinical signs of viral infection or inflammauon. 
30 Visual inspection of the nasal epithelium revealed slight erythema in all three monkeys in 
both nostrils on the first day after infection; but similar erythema was observed in the. control 
monkey and likely resulted from the instrumentation. There was no visible abnormal^ at 
days 3 or 4, or on weekly inspection thereafter. Physical examination revealed no fever 
lymphadenopathy, conjunctivitis, tachypnea, or tachycardia at any of the time points. No 
35 abnormalities were found in a complete blood count or sedimentation rate, nor were 

abnormalities observed in serum electrolytes, transaminases, or blood urea nitrogen and 

""^Examination of Wright-stained cells from the nasal brushings showed that neutrophils 
and lymphocytes accounted for less than 5% of total cells in all three monkeys. 
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Adrainistration of the Ad2/CFTR-1 caused no change in the distribution or number of 
inflammatory cells at any of the time points following virus administration. H&E stains of 
the nasal turbinate biopsies specimens from the control monkey could not be d,fferentiated 
from that of the experimental monkey when the specimens were reviewed by an independent 

5 pathologist. (Fig. 24) 

These results demonstrate the ability of a recombinant adenovirus encoding CFTR 
(Ad2/CFTR-1) to express CFTR cDNA in the airway epithelium of cotton rats and monkeys 
during repeated administration. They also indicate that application of the virus involves little 
if any risk. Thus, they suggest that such a vector may be of value in expressing CFTR in the 
10 airway epithelium of humans with cystic fibrosis. 

Two methods were used to show that Ad2/CFTR-1 expresses CFTR in the airway 
epithelium of cotton rats and primates: CFTR mRNA was detected using RT-PCR and 
protein was detected by immunocytochemistry. Duration of expression as assessed 
immunocytochemically was five to six weeks. Because very little protein is required to 
15 generate CI" secretion (Welsh, M.J. (1987) Physiol Rev. 67:1 143-1 184; Trapnell, B.C. et al. 
(l99\)Proc NatlAcadSci. USA 88:6565-6569; Denning, G.M. et al. (1992) J. Cell Biol. ? 
1 1 8-5 5 1 -5 59) it is likely that functional expression of CFTR persists substantially longer 
than the period of time during which CFTR was detected by immunocytochemistry. Support 
for this evidence comes from two consderations: first, it is very difficult to detect CFTR 
20 immuncytochemically in the airway epithelium, yet the expression of an apical membrane 
CI- permeability due to the presence of CFTR CI" channels is readily detected. The ability 
of a minimal amount of CFTR to have important functional effects is likely aresult of the 
fact that a single ion channel conducts a very large number of ions (10* - 10? ions/sec). 
Thus ionchannelsarenotusuallyabundantproteinsinepithelia. Second, previous work 
25 suggests that the defective electrolyte transport of CF epithelia can be corrected when only 6- 
10% of cells in a CF airway epithelium overexpress wild-type CFTR (Johnson, L.G. et al. 
(1992) Nature Gen. 2:21-25). Thus, correction of the biologic defect in CF patients may be 
possible when only a small percent of the cells express CFTR. This is also consistent with 
our previous studies in vitro showing that Ad2/CFTR-1 at relatively low multiplicities of 
30 infection generated a cAMP-stiraulated CI" secretory response in CF epitheha (Rich, D.P. et 
al. (1 993) Human Gene Therapy 4:461-476). 

This study also provides the first comprehensive data on the safety of adenovirus 
vectors for gene transfer to airway epitheUum. Several aspects of the studies are 
encouraging. There was no evidence of viral replication, rather infectious viral particles were 
35 rapidly cleared from both cotton rats and primates. These data, together with our previous m 
vitro studies, suggest that replication of recombinant virus in humans will likely not be a 
problem. The other major consideration for safety of an adenovirus vector in the treatment of 
CF is the possibility of an inflammatory response. The data indicate that the virus generated 
an antibody response in both cotton rats and monkeys. Despite this, no evidence of a 
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systemic or local inflammatory response was observed. The cells obtained by 
bronchoalveolar lavage and by brushing and swabs were not altered by virus application. 
Moreover, the histology of epithelia treated with adenovirus was indistinguishable from that 
of control epithelia. These data suggest that at least three sequential exposures of airway 
5 epithelium to adenovirus does not cause a detrimental inflammatory response. 

These data suggest that Ad2/CFTR-1 can effectively transfer CFTR cDNA to airway 
epithelium and direct the expression of CFTR. They also suggest that transfer is relatively 
safe in animals. Thus, they suggest that Ad2/CFTR-1 may be a good vector for treating 
patients with CF. This was confirmed in the following example. 

0 

R 7 fnmr l r l f i - p ftt? fi^Thrrnnv in Nasal Epithelia from ffiimpn CF Subjects 



EXPERIMENTAL PROCEDURES 



15 A dfpovirus vector 

The recombinant adenovirus Ad2/CFTR-1 was used to deliver CFTR cDNA. The ^ 
construction and preparation of Ad2/CFTR-1, and its use in vitro and in vivo in animals, has 
been previously described (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, 
J. et al. (1993) Nature Gen. (in press)). The DNA construct comprises a full length copy of 

20 the Ad2 genome from which the early region 1 genes (nucleotides 546 to 3497) have been 
replaced by cDNA for CFTR. The viral Ela promoter was used for CFTR cDNA; this is a 
low to moderate strength promoter. Termination/polyadenylation occurs at the site normally 
used by Elb and protein IX transcripts. The E3 region of the vims was conserved. 



25 Patients 

Three patients with CF were studied. Genotype was determined by IG Labs 
(Framingham, MA). All three patients had mild CF as defined by an NIH score > 70 
(Taussig, L.M. et al. (1973) J. Pediatr. 82:380-390), a normal weight for height ratio, a 
forced expiratory volume in one second (FEV1) greater than 50% of predicted and an arterial 

30 P0 2 greater than 72. All patients were seropositive for type 2 adenovirus, and had no recent 
viral illnesses. Pretreatment cultures of nasal swabs, pharyngeal swabs, sputum, urine, stool, 
and blood leukocytes were negative for adenovirus. PCR of pretreatment nasal brushings 
using primers for the adenovirus El region were negative. Patients were evaluated at least 
twice by FEV1, cytology of nasal mucosa, visual inspection, and measurement of V t before 

35 treatment. Prior to treatment, a coronal computed tomographic scan of the paranasal sinuses 
and a chest X-ray were obtained. 

The first patient was a 2 1 year old woman who was diagnosed at 3 months after birth. 
She had pancreatic insufficiency, a positive sweat chloride test (101 mEq/1), and is 
homozygous for the AF508 mutation. Her NIH score was 90 and her FEV1 was 83% 
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predicted. The second palient was a 36 year old man who was diagnosed at the age of 1 3 
when he presented with symptoms of pancreatic insufficiency. A sweat chloride test revealed 
a chloride concentration of 70 mEq/1. He is a heterozygote with the AF508 and G55ID 
mutations. His NIH score was 88 and his FEV1 was 66% predicted. The third patient was a 
5 50 year old woman, diagnosed at the age of 9 with apositive sweat chloride test (104 mEq/1). 
She has pancreatic insufficiency and insulin dependent diabetes mellitus. She is homozygous 
for the AF508 mutation. Her NIH score was 73 and her FEV1 was 65% predicted. 

TransfpittiRlial voltage 

10 The transepithelial electric potential difference across the nasal epithelium was 

measured using techniques similar to those previously described (Alton, E.W.F.W. et al 
(1987) Thorax 42:815-817; Knowles, M. et al. (1981) N. Eng. J. Med. 305:1489-1495). A 23 
gauge subcutaneous needle connected with sterile normal saline solution to a silver/silver 
chloride pellet (E.W. Wright, Guilford, CT) was used as a reference electrode. The exploring 

15 electrode was a size 8 rubber catheter (modified ArgyleR Foley catheter, St. Louis, MO) with 
one side hole at the tip. The catheter was filled with Ringer's solution containing (in mM), w 
135 NaCl, 2.4 KH 2 P0 2 , K 2 HP0 4 , 1.2CaCL 2 , 1.2 MgCl 2 and 10 Hepes (titrated to pH 7.4 
with NaOH) and was connected to a silver/silver chloride pellet. Voltage was measured with 
a voltmeter (Keithley Instruments Inc., Cleveland, OH) connected to a strip chart recorder 

20 (Servocorder, Watanabe Instruments, Japan). Prior to the measurements, the silver/silver 
chloride pellets were connected in series with the Ringer's solution; the pellets were changed 
if the recorded V t was greater than ±4 mV. The rubber catheter was introduced into the 
nostril under telescopic guidance (Hopkins Telescope, Karl Storz, Tuttlingen West Germany) 
and the side hole of the catheter was placed next to the study area in the medical aspect of the 

25 inferior nasal turbinate. The distance from the anterior tip of the inferior turbinate and the 
spatial relationship with the medial turbinate, the maxillary sinus ostium, and in one patient a 
small polyp, were used to locate the area of Ad2/CFTR-1 administration for measurements. 
Photographs and video recorder images were also used. Basal V t was recorded until no 
changes in Vt were observed after slow intermittent 100 ul/min infusion of the Ringer's 

30 solution. Once a stable baseline was achieved, 200 ul of aRinger's solution containing 100 u 
M amiloride (Merck and Go. Inc., West Point, PA) was instilled through the catheter and 
changes in V t were recorded until no further change were observed after intermittent 
instillations. Finally, 200 ul Ringer's solution containing 100 uM amiloride plus 10 uM 
terbutaline (Geigy Pharmaceuticals, Ardsley, NY) was instilled and the changes in V t were 

35 recorded. 

Measurements of basal V t were reproducible over time: in the three treated patients, 
the coefficients of variation before aclniinistration of Ad2/CFTR-1 were 3.6%, 12%, and 
12%. The changes induced by terbutaline were also reproducible. In 30 measurements in 9 
CF patients, the terbutaline-induced changes in V t (AVt) ranged from 0 mV to +4 mV; 
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hyperpolarization of V t was never observed. In contrast, in 7 normal subjects AVt ranged 
from -1 mV to -5 mV; hyperpolarization was always observed. 

frW/ HTK-R-l app lication and ™" acquisition 
5 The patients were taken to the operating room and monitoring was commenced using 

continuous EKG and pulse oximetry recording as well as automatic intermittent blood 
pressure measurement. After mild sedation, the nasal mucosa was anesthetized by atomizing 
0 5 ml of 5% cocaine. The mucosa in the area of the inferior turbinate was then packed with 
cotton pledgets previously soaked in a mixture of 2 ml of 0.1% adrenaline and 8 ml of 1% 
10 tetracaine. The pledgets remained in place for 10-40 min. Using endoscopic visualization 
with a television monitoring system, the applicator was introduced through the nostril and 
positioned on the medial aspect of the inferior turbinate, at least three centimeters from its 
anterior tip (Figures 25A-25I). The viral suspension was infused into the applicator through 
connecting catheters. The position of the applicator was monitored endoscopically to ensure 
that it did not move and that enough pressure was applied to prevent leakage. After the virus 
was in contact with the nasal epithelium for thirty minutes, the viral suspension was remove/, 
and the applicator was withdrawn. In the third patienf s right nasal cavity, the virus was 
applied using the modified Foley catheter used for V t measurements. The catheter was 
introduced without anesthetic under endoscopic guidance until the side hole of the catheter 
was in contact with the area of interest in the inferior turbinate. The viral solution was 
infused slowly until a drop of solution was seen with the telescope. The catheter was left m 
place for thirty minutes and then removed. 

Cells were obtained from the area of virus administration approximately 2 weeks 
before treatment and then at weekly intervals after treatment. The inferior turbinate was 
25 packed for 10 minutes with cotton pledgets previously soaked in 1 ml of 5% cocaine. Under 
endoscopic control, the area of administration was gently brushed for 5 seconds. The brushed 
cells were dislodged in PBS. Swabs of the nasal epithelia were collected using cotton tipped 
applicators without anesthesia. Cytospin slides were prepared and stained with Wright's 
stain. Light microscopy was used to assess the respiratory epithelial cells and inflammatory 
30 cells. For biopsies, sedatives/anesthesia was administered as described for the application 
procedure. After endoscopic inspection, and identification of the site to be biopsied, the 
submucosa was injected with 1% xylocaine, with 1/100,000 epinephrine. The area of virus 
application on the inferior turbinate was removed. The specimen was fixed in 4% 
formaldehyde and stained. 



20 



35 



RESULTS 

On day one after Ad2/CFTR-1 administration and at all subsequent time points, 
Ad2/CFTR-1 from the nasal epithelium, pharynx, blood, urine, or stool could not be cultured. 
As a control for the sensitivity of the culture assay, samples were routinely spiked with 10 
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and 100 IU Ad2/CFTR-1. In every case, the spiked samples were positive, indicating that, at 
a minimum, 10 1U of Ad2/CFTR should have been detected. No evidence of a systemic 
response as assessed by history, physical examination, serum chemistries or cell counts, chest 
and sinus X-rays, pulmonary function tests, or arterial blood gases performed before and after 

5 Ad2/CFTR-1 administration. An increase in antibodies to adenovirus was not detectable by 
ELISA or by neutralization for 35 days after treatment. 

Three to four hours after Ad2/CFTR-1 administration, at the time that local anesthesia 
and localized vasoconstriction abated, all patients began to complain of nasal congestion and 
in one case, mild rhinorrhea. These were isolated symptoms that diminished by 18 hours and 

10 resolved by 28 to 42 hours. Inspection of the nasal mucosa showed mild to moderate 

erythema, edema, and exudate (Figures 25A-25C). These physical findings followed a time 
course similar to the symptoms. The physical findings were not limited to the site of virus 
application, even though preliminary studies using the applicator showed that marker 
methylene blue was limited to the area of application. In two additional patients with CF, the 

15 identical anesthesia and application procedure were used, but saline was applied instead of 
virus, yet the same symptoms and physical findings were observed in these patients (Figures; 
25G-25I). Moreover, the local anesthesia and vasoconstriction generated similar changes 
even when the applicator was not used, suggesting that the anesthesia/vasoconstriction caused 
some, if not all the injury. Twenty-four hours after the application procedure, analysis of 

20 cells removed from nasal swabs revealed an equivalent increase in the percent neutrophils in 
patients treated with Ad2/CFTR-1 or with saline. One week after application, the 
neutrophilia had resolved in both groups. Respiratory epithelial cells obtained by nasal 
brushing appeared normal at one week and at subsequent time points, and showed no 
evidence of inclusion bodies. To further evaluate the mucosa, the epithelium was biopsied on 

25 day three in the first patient and day one in the second patient. Independent evaluation by 
two pathologists not otherwise associated with the study suggested changes consistent with 
mild trauma and possible ischemia (probably secondary to the anesthetic/vasoconstrictors 
used before virus administration), but there were no abnormalities suggestive of virus- 
mediated damage. 

30 Because the application procedure produced some mild injury in the first two patients, 

• the method of administration was altered in the third. patient. The method used did not 

require the use of local anesthesia or vasoconstriction and which was thus less likely to cause 
injury, but which was also less certain in its ability to constrain Ad2/CFTR-1 in a precisely 
defined area. On the right side, Ad2/CFTR-1 was administered as in the first two patients, 

35 and on the left side, the vims was administered without anesthesia or the applicator, instead 
using a small Foley catheter to apply and maintain Ad2/CFTR-1 in a relatively defined area 
by surface tension (Figure 25E). On the right side, the symptoms and physical findings were 
the same as those observed in the first two patients. By contrast, on the left side there were 
no symptoms and on inspection the nasal mucosa appeared normal (Figures 25D-25F). Nasal 
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swabs obtained from the right side showed neutrophilia similar to that observed in the first . 
two patients. In contrast, the left side which had no anesthesia and minimal manipulation, 
did not develop neutrophilia. Biopsy of the left side on day 3 after administration (Figure 
26), showed morphology consistent with CF- a thickened basement membrane and 
5 occasional polymorphonuclear cells in the submucosa- but no abnormalities that could be 
attributed to the adenovirus vector. 

The first patient developed symptoms of a sore throat and increased cough that began 
three weeks after treatment and persisted for two days. Six weeks after treatment she 
developed an exacerbation of her broncWtis/bronchiectasis and hemoptysis that required 
10 hospitalization. The second patient had a transient episode of minimal hemoptysis three 
weeks after treatment; it was not accompanied by any other symptoms before or after the 
episode. The third patient has an exacerbation of bronchitis three weeks after treatment for 
which she was given oral antibiotics. Based on each patient's pretreatment clinical history, 
evaluation of the episodes, and viral cultures, no evidence could be discerned that linked 
15 these episodes to administration of Ad2/CFTR-1. Rather the episodes appeared consistent 
with the normal course of disease in each individual. ^- 
The loss of CFTR CI" channel function causes abnormal ion transport across affected 
epithelia, which in turn contributes to the pathogenesis of CF-associated airway disease 
(Boat T.F. et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., 
20 Mc&aw-Hill,NewYork(1989);Quinton,P.M.(1990)^SJ. 4:2709-2717). Inairway 
epithelia, ion transport is dominated by two electrically conductive processes: amiloride- 
sensitive absorption of Na + from the mucosal to the submucosal surface and cAMP- 
stimulated Or secretion in the opposite direction. (Quinton, P.M. (1990) FASEB J. 4:2709- 
.2717; Welsh, M.J. (1987) Physiol. Rev. 67:1143-1184). These two transport processes can be 
25 assessed noninvasively by measuring the voltage across the nasal epithelium (Vt) in vivo 
(Knowles, M. et al (1981) N. Eng. J. Med. 305:1489-1495; Alton, E.W.F.W. et al.(1987) 
Thorax 42:8 1 5-8 1 7). Figure 27 shows an example from a normal subject. Under basal 
conditions, V t was electrically negative (lumen referenced to the submucosal surface). 
Perfusion of amiloride (100 uM) onto the mucosal surface inhibited V t by blocking apical 
30 Na+ channels (Knowles, M. et al (1981) N. Eng. J. Med. 305:1489-1495; Quinton, P.M. 
(1990) FASEB J. 4:2709-2717; Welsh, M.J. (1992) Neuron 8:821-829). Subsequent 
perfusion of terbutaline (10 \iM) a p-adrenergic agonist, hyperpolarized V t by increasing 
cellular levels of cAMP, opening CFTR CI" channels, and stimulating chloride secretion 
(Quinton, P.M. (1990) FASEB J. 4:2709-2717; Welsh, M.J. et al. (1992) Neuron 8:821-829). 
35 Figure 28A shows results from seven normal subjects: basal V t was -10.5 ± 1 .OmV, and in 
the presence of amiloride, terbutaline hyperpolarized V t by -2.3 ± 0.5mV. 

In patients with CF, V t was more electrically negative than in normal subjects (Figure 
28B), as has been previously reported (Knowles, M. et al. (1981) N. Eng. J. Med 305:1489- 
1495). Basal V t was -37.0 ± 2.4 mV, much more negative than values in normal subjects (P< 
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0.001). (Note the difference in scale in Figure 28A and Figure 28B). Amiloride inhibited V t , 
as it did in normal subjects. However, V t failed to hyperpolarize when terbutaline was 
perfused onto the epithelium in the presence of amiloride. Instead, V t either did not change 
or became less negative: on average V t depolarized by +1.8 ± 0.6 mV, a result very different 

5 from that observed in normal subjects. (P<0.00 1 ). 

After Ad2/CFTR-1 was applied, basal V t became less negative in all three CF 
patients: Figure 29A shows an example from the third patient before (Figure 29A) and after 
(Figure 29B) treatment and Figures 30A, 30C, and 30E show the time course of changes in 
basal V t for all three patients. The decrease in basal V t suggests that application of 

10 Ad2/CFTR-1 corrected the CF electolyte transport defect in nasal epithelium of all three 
patients. Additional evidence came from an examination of the response to terbutaline. 
Figure 30B shows that in contrast to the response before Ad2/CFTR-1 was applied, after 
virus replication, in the presence of amiloride, terbutaline stimulated V t . Figures 30B, 30D, 
and 30F show the time course of the response. These data indicate that Ad2/CFTR-1 

15 corrected the CF defect in CI" transport. Correction of the CI" transport defect cannot be 

attributed to the anesthesia/application procedure because it did not occur in patients treated^ 
with saline instead of Ad2/CFTR-1 (Figure 31). Moreover, the effects of the anesthesia were 
generalized on the nasal mucosa, but basal V t decreased only in the area of virus 
administration. Finally, similar changes were observed in the left nasal mucosa of the third 

20 patient (Figures 30E and 30F), which had no symptomatic or physical response after the 
modified application procedure. 

Unsuccessful attempts were made to detect CFTR transcripts by reverse transciptase- 
PCR and by immunocytochemistry in cells from nasal brushings and biopsies. Although 
similar studies in animals have been successful (Zabner, J. et al. (1993) Nature Gen. (in 

25 press)), those studies used much higher doses of Ad2/CFTR-1. The lack of success in the 
present case likely reflects the small amount of available tissue, the low MOI, the fact that 
only a fraction of cells may have been corrected, and the fact that Ad2/CFTR-1 contains a 
low to moderate strength promoter (Ela) which produces much less mRNA and protein than 
comparable constructs using a much stronger CMV promoter (unpublished observation). The 

30 Ela promoter was chosen because CFTR normally expressed at very low levels in airway 
epithelial cells (Trapnell, B.C. et al. (1991) Proc. Natl Acad. Sci. USA 88:6565-6569). It is 
also difficult to detect CFTR protein and mRNA in normal human airway epithelia, although 
function is readily detected because a single ion channel can conduct a very large number of 
ions per second and thus efficiently support CI" transport. 

35 With time, the electrical changes that indicate correction of the CF defect reverted 

toward pretreatment values. However, the basal V t appeared to revert more slowly than did 
the change in V t produced by terbutaline. The significance of this difference is unknown, but 
it may reflect the relative sensitivity of the two measurements to expression of normal CFTR. 
In any case, this study was not designed to test the duration of correction because the treated 
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area was removed by biopsy on one side and the nasal-mucosa on the other side was brushed 
to obtain cells for analysis at 7 to 10 days after virus administration, and then at 
approximately weekly intervals. Brushing the mucosa removes cells, disrupts the epithelium, 
and reduces basal V t to zero for at least two days afterwards, thus preventing an accurate 
5 assessment of duration of the effect of Ad2/CFTR-1. 

fi ffir, a r.v of »fr n»vinis-mediatf,ri pene transfer. 

The major conclusion of this study is that in vivo application of a recombinant 
adenovirus encoding CFTR can correct the defect in airway epithelial CI" transport that is 

1 0 characteristic of CF epithelia. 

Complementation of the CI" channel defect in human nasal epithelium could be 
measured as a change in basal voltage and as a change in the response to cAMP agonists. 
Although the protocol was not designed to establish duration, changes in these parameters 
were detected for at least three weeks. These results represent the first report that 

15 administration of a recombinant adenovirus to humans can correct a genetic lesion as 

measured by a functional assay. This study contrasts with most earlier attempts at gene ? 
transfer to humans, in that a recombinant viral vector was administered directly to humans, 
rather than using a in vitro protocol involving removal of cells from the patient, transduction 
of the cells in culture, followed by reintroduction of the cells into the patient. 

20 Evidence that the CF CI" transport defect was corrected at all three doses of virus, 

corresponding to 1, 3, and 25 MOI, was obtained. This result is consistent with earlier 
studies showing that similar MOIs reversed the CF fluid and electrolyte transport defects in 
primary cultures of CF airway cells grown as epithelia on permeable filter supports (Rich, 
D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 

25 publication): at an MOI of less than 1, cAMP-stimulated CI" secretion was partially restored, 
and after treatment with 1 MOI Ad2/CFTR-1 cAMP agonists stimulated fluid secretion that 
was within the range observed in epithelia from normal subjects. At an MOI of 1, a related 
adenovirus vector produced p-galactosidase activity in 20% of infected epithelial cells as 
assessed by fluorescence-activated cell analysis (Zabner et al. submitted for publication). 

30 Such data would imply that pharmacologic dose of adenovirus in CF airways might 

correspond to an MOI of one. If it is estimated that there are 2x10* cells/cm? in the airway 
(Mariassy, A.T. in Comparative Biology of the Normal Lung (CRC Press, Boca Raton 1992), 
and that the airways from the trachea to the respiratory bronchioles have a surface area of 
1400 cm2 (Weibel, E.R. Morphometry of the Human Lung (Springer Verlag, Heidelberg, 

35 1963) then there would be approximately 3x10* potential target cells. Assuming a particle to 
IU ratio of 100, this would correspond to approximately 3xl0» particles of adenovirus with 
a mass of approximately 75 ug. While obviously only a crude estimate, such information is 
useful in designing animal experiments to establish the likely safety profile of a human dose. 
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It is possible that an efficacious MOI of recombinant adenovirus could be less than 
the lowest MOI tested here. Some evidence suggests that not all cells in an epithelial 
monolayer need to express CFTR to correct the CF electrolyte transport defects. Mixing 
experiments showed that when perhaps 5-10% of cells overexpress CFTR, the monolayer 
5 exhibits wild-type electrical properties (Johnson, L.G. et al. (1992) Nature Gen. 2:21-25). 
Studies using liposomes to express CFTR in mice bearing a disrupted CFTR gene also 
suggest that only a small proportion of cells need to be corrected (Hyde, S.C. et al. (1993) 
Nature 362:250-255). The results referred to above using airway epithelial monolayers and 
multiplicities of Ad2/CFTR-1 as low as 0.1 showed measurable changes in CI" secretion 
10 (Rich, D,P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 
publication). 

Given the very high sensitivity of electrolyte transport assays (which result because a 
single CI" channel is capable of transporting large numbers of ions/sec) and the low activity 
of the Ela promoter used to transcribe CFTR, the inability to detect CFTR protein and CFTR 

1 5 mRNA are perhaps not surprising. Although CFTR mRNA could not be detected by reverse 
transcriptase-PCR, Ad2/CFTR-1 DNA could be detected in the samples by standard PCR , 
demonstrating the presence of input DNA and suggesting that the reverse transcriptase 
reaction may have been suboptimal. This could have occurred because of factors in the tissue 
that inhibit the reverse transcriptase. Although there is little doubt that the changes in 

20 electrolyte transport measured here result from expression of CFTR, it remains to be seen 
whether this will lead to measurable clinical changes in lung function. 

Safety considerations. 

Application of the adenovirus vector to the nasal epithelium in these three patients 

25 was well-tolerated. Although mild inflammation was observed in the nasal epithelium of all 
three patients following administration of Ad2/CFTR-1, similar changes- were observed in 
two volunteers who underwent a sham procedure using saline rather than the viral vector. 
Clearly a combination of anesthetic- and procedure-related trauma resulted in the changes in 
the nasal mucosa. There is insufficient evidence to conclude that no inflammation results 

30 from virus administration. However, using a modified administration of the highest MOI of 
vims tested (25 MOI) in one patient, no inflammation was observed under conditions that 
resulted in evidence of biophysical efficacy that lasted until the area was removed by biopsy 
at three days. 

There was no evidence of replication of Ad2/CFTR-1. Earlier studies had established 
35 that replication of Ad2/CFTR-1 in tissue culture and experimental animals is severely 

impaired (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, J. et al. (1993) 
Nature Gen, (in press)). Replication only occurs in cells that supply the missing early 
proteins of the El region of adenovirus, such as 293 cells, or under conditions where the El 
region is provided by coinfection with or recombination with an El-containing adenovirus 
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(Graham, F.L. and Prevec, L. Vaccines: New Approaches to Immunological Problems (R.W. 
Ellis, ed., Boston, Butterworth-Heinermann, 1992); Berkner, K.L. (1988) Biotechniques 
6:6 1 6-629). The patients studied here were seropositive for adenovirus types 2 and 5 prior to 
the study were negative for adenovirus upon culture of nasal swabs prior to administration of 
5 Ad2/CFTR-1 , and were shown by PCR methods to lack endogenous El DNA sequences such 
as have been reported in some human subjects (Matsuse T. et ai. (1992) Am. Rev. Respir. Dis. 
146:177-184). 

Hxp™ r iP. 1 1 - Construc t i n g ™* Pa<* ag jnP of Pseiido Adenoviral Vector (PAY) 
1 0 With reference to Figure 32, the PAV construct was made by inserting the Ad2 

packaging signal and El enhancer region (0-358 nt) in Bluescript II SK- (Stratagene, LaJolla, 
CA). A variation of this vector, known as PAV II was constructed similarly, except the Ad2 
packaging signal and El enhancer region contained 0-380 nt. The addition of nucleotides at 
the 5' end results in larger PAVs, which may be more efficiently packaged, yet would include 
1 5 more adenoviral sequences and therefore could potentially be more immunogenic or more 

capable of replicating. |r 

To allow ease of manipulation for either the insertion of gene coding regions or 
complete excision and use in transfections for the purpose of generating infectious particles, a 
complementary plasmid was also built in pBluescript SKII-. This complementary plasmid 

20 contains the Ad2 major late promoter (ML?) and tripartite leader (TPL) DNA and an SV40 
T-antigen nuclear localization signal (NLS) and polyadenylation signal (SVpA). As can be 
seen in Figure 32, this plasmid contains a convenient restriction site for the insertion of genes 
of interest between the MLP/TPL and SV40 poly A. This construct is engineered such that 
the entire cassette may be excised and inserted into the former PAV I or PAV H construct. 

25 Generation of PAV infectious particles was performed by excision of PAV from the 

plasmid with the Apa 1 and Sac II restriction endonucleases and co-transfection into 293 cells 
(an Ela/Elb expressing cell line) (Graham, F.L. et al, (1977) J. Gen Virol 36:59-74) with 
either wild-type Ad2, or packaging/replication deficient helper virus. Purification of PAV 
from helper can be accompanied by CsCl gradient isolation as PAV viral particles will be of a 

3 0 lower density and will band at a higher position in the gradient. 

For gene therapy, it is desirable to generate significant quantities of PAV virion free 
from contaminating helper virus. The primary advantage of PAV over standard adenoviral 
vectors is the ability to package large DNA inserts into virion (up to about 36 kb). However, 
PAV requires a helper virus for replication and packaging and this helper virus will be the 

35 predominant species in any PAV preparation. To increase the proportion of PAV in viral 
preparation several approaches can be employed. For example, one can use a helper virus 
which is partially defective for packaging into virions (either by virtue of mutations in the 
packaging sequences (Grable, M. and Hearing P. (1992) J. Virol. 66: 723-731)) or by virtue 
of its size -viruses with genome sizes greater than approximately 37.5 kb package 
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inefficiently. In mixed infections with packaging defective virus, PAV would be expected to 
be represented at higher levels in the virus mixture than would occur with non-packaging 
defective helper viruses. 

Another approach is to make the helper virus dependent upon PAV for its own 
5 replication. This may most easily be accomplished by deleting an essential gene from the 
helper virus (e.g. IX or a terminal protein) and placing that gene in the PAV vector. In this 
way neither PAV nor the helper virus is capable of independent replication - PAV and the 
helper virus are therefore co-dependent. This should result in higher PAV representation in 
the resulting virus preparation. 

10 A third approach is to develop a novel packaging cell line, which is capable of 

generating significant quantities of PAV virion free from contaminating helper virus. A 
novel protein IX, (pIX) packaging system has been developed. This system exploits several 
documented features of adenovirus molecular biology. The first is that adenoviral defective 
particles are known to comprise up to 30% or more of standard wild-type adenoviral 

1 5 preparations. These defective or incomplete particles are stable and contain 15-95% of the 
adenoviral genome, typically 1 5-30%. Packaging of a PAV genome (1 5-30% of wild-type^: 
genome) should package comparably. Secondly, stable packaging of full-length Ad genome 
but not genomes <95% required the presence of the adenoviral gene designated pEX. 
The novel packaging system is based on the generation of an Ad protein pEX 

20 expressing 293 cell line. In addition, an adenoviral helper virus engineered such that the El 
region is deleted but enough exogenous material is inserted to equal or slightly exceed the 
full length 36 kb size. Both of these two constructs would be introduced into the 293/pEX 
cell line as purified DNA. In the presence of pIX, yields of both predicted progeny viruses as 
seen in current PAV/Ad2 production experiments can be obtained. Virus containing Iysates 

25 from these cells can then be titered independently (for the marker gene activity specific to 
either vector) and used to infect standard 293 (lacking pIX) at a multiplicity of infection of 1 
relative to PAV. Since research with this line as well as from incomplete or defective particle 
research indicates that full length genomes have a competitive packaging advantage, it is 
expected that infection with an MOI of 1 relative to PAV will necessarily equate to an 

30 effective MOI for helper of greater than 1. All cells will presumably contain both PAV (at 
least 1) and helper (greater than 1). Replication and viral capsid production in this cell 
should occur normally but only PAV genomes should be packaged. Harvesting these 
293/pIX cultures is expected to yield essentially helper-free PAV. 

35 Exam ple 12 - Co nstruction of Ad2-E4/QRF 6 

Ad2-E4/ORF6 (Figure 33 shows the plasmid construction of Ad2-E4/ORF6) which is 
an adenovirus 2 based vector deleted for all Ad2 sequences between nucleotides 328 15 and 
35577. This deletion removes all open reading frames of E4 but leaves the E4 promoter and 
first 32-37 nucleotides of the E4 mRNA intact. In place of the deleted sequences, a DNA 
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fragraent encoding ORF6 (Ad2 nucleotides 34082-33178) which was derived by polymerase 
chain reaction of Ad2 DNA with ORF6 specific DNA primers 

(Genzyme oligo. # 2371 - CGGATCCTTTATTATAGGGGAAGTCCACGCCTAC (SEQ. 
ID NO:8) and oligo. #2372 - CGGGATCCATCGATGAAATATGACTACGTCCG (SEQ. 

5 ID NO:9) were inserted). Additional sequences supplied by the oligonucleotides included a 
cloning site at the 5' and 3' ends of the PCR fragment (Clal and Bamm respectively) and a 
polyadenylation sequence at the 3' end to ensure correct polyadenylation of the ORF6 
mRNA. As illustrated in Figure 33, the PCR fragment was first ligated to a DNA fragment 
including the inverted terminal repeat (ITR) and E4 promoter region of Ad2 (Ad2 nucleotides 

10 35937-35577) and cloned in the bacterial plasmid pBluescript (Stratagene) to create plasmid 
ORF6. After sequencing to verify the integrity of the ORF6 reading frame, the fragment 
encompassing the ITR and ORF6 was subcloned into a second plasmid, pAd A E4, which 
contains the 3' end of Ad2 from a Sjjs I site to the 3' ITR (Ad2 nucleotides 28562-35937) and 
is deleted for all E4 sequences (promoter to poly A site Ad2 positions 32815-35641) using 

1 5 flanking restriction sites. In this second plasmid, virus expressing only E4 ORF6, P AdORF6 
was cut with restriction enzyme Easl and ligated to Ad2 DNA digested with Eacl. This Eacl.. 
site corresponds to Ad2 nucleotide 28612. 293 cells were transfected with the ligation and 
the resulting virus was subjected to restriction analysis to verify that the Ad2 E4 region had 
been substituted with the corresponding region of P AdORF6 and that the only remaining E4 

20 open reading frame was ORF6. 

A cell line could in theory be established that would fully complement E4 functions 
deleted from a recombinant virus. The.problem with this approach is that E4 functions in the 
regulation of host cell protein synthesis and is therefore toxic to cells. The present 
recombinant adenoviruses are deleted for the El region and must be grown in 293 cells which 

25 complement El functions. The E4 promoter is activated by the Ela gene product, and 

therefore to prevent inadvertent toxic expression of E4 transcription of E4 must be tightly 
regulated. The requirements of such a promoter or transactivating system is that in the 
uninduced state expression must be low enough to avoid toxicity to the host cell, but in the 
induced state must be sufficiently activated to make enough E4 gene product to complement 

3 0 the E4 deleted virus during virus production. 

Example 13 _ 

An adenoviral vector is prepared as described in Example 7 while substituting the 

phosphoglycerate kinase (PGK) promoter for the Ela promoter. 
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Example 14 ...... 

An adenoviral vector is prepared as described in Example 1 1 while subsututing the 

PGK promoter for the Ad2 major late promoter (MLP). 
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F.xam ple 1* Oen rrati™ nf Ad2-ORF6/PGK-CFTR 

This protocol uses a second generation adenovirus vector named Ad2-ORF6/PGK- 
CFTR. This virus lacks El and in its place contains a modified transcription unit with the 
PGK promoter and a poly A addition site flanking the CFTR cDNA. The PGK promoter is 
5 of only moderate strength but is long lasting and not subject to shut off. The E4 region of the 
vector has also been modified in that the whole coding sequence has been removed and 
replaced by ORF6, the only E4 gene essential for growth of Ad in tissue culture. This has the 
effect of generating a genome of 101% the size of wild type Ad2. 

The DNA construct comprises a full length copy of the Ad2 genome from which the 

10 early region 1 (El) genes (present at the 5' end of the viral genome) have been deleted and 
replaced by an expression cassette encoding CFTR. The expression cassette includes the 
promoter for phosphoglycerate kinase (PGK) and a polyadenylation (poly A) addition signal 
from the bovine growth hormone gene (BGH). In addition, the E4 region of Ad2 has been 
deleted and replaced with only open reading frame 6 (ORF6) of the Ad2 E4 region. The 

1 5 adenovirus vector is referred to as AD2-ORF6/PGK-CFTR and is illustrated schematically in 
Figure 34. The entire wild-type Ad2 genome has been previously sequenced (Roberts, RJvjF 
(1986) In Adenovirus DNA, W. Oberfler, editor, Matinus Nihoff Publishing, Boston) and the 
existing numbering system has been adopted here when referring to the wild type genome. 
Ad2 genomic regions flanking El and E4 deletions, and insertions into the genome are being 

20 completely sequenced. 

The Ad2-ORF67PGK-CFTR construct differs from the one used in our earlier 
protocol (Ad2/CFTR-1) in that the latter utilized the endogenous Ela promoter, had no poly 
A addition signal direcdy downstream of CFTR and retained an intact E4 region. The 
properties of Ad2/CFTR-1 in tissue culture and in animal studies have been reported (Rich et 

25 al., (1993) Human Gene Therapy 4:461-467; and Zabner et al. (1993) Nature Genetics (in 
Press). 

At the 5' end of the genome, nucleotides 357 to 3328 of Ad2 have been deleted and 
replaced with (in order 5* to 3') 22 nucleotides of linker, 534 nucleotides of the PGK 
promoter, 86 nucleotides of linker, nucleotides 123-4622 of the published CFTR sequence 

30 (Riordan et al. (1989) Science 245:1066-1073), 21 nucleotides of linker, and a 32 nucleotide 
synthetic BGH poly A addition signal followed by a final 1 1 nucleotides of linker. The 
topology of the 5' end of the recombinant molecule is illustrated in Figure 34. 

At the 3' end of the genome of Ad2-ORF6/PGK-CFTR, Ad2 sequences between 
nucleotides 328 1 5 and 35577 have been deleted to remove all open reading frames of E4 but 

35 retain the E4 promoter, the E4 cap sites and first 32-37 nucleotides of E4 mRNA. The 
deleted sequences were replaced with a fragment derived by PCR which contains open 
reading frame 6 of Ad2 (nucleotides 34082-33178) and a synthetic poly A addition signal. 
The topology of the 3' end of the molecule is shown in Figure 34. The sequence of this 
segment of the molecule will be confirmed. The remainder of the Ad2 viral DNA sequence is 
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published in Roberts, R.J. in Adenovirus DNA. (W. Oberfler, Matinus Nihoff Publishing, 
Boston, 1986 ). The overall size of the Ad2-ORF67PGK-CFTR vector is 36,336 bp which is 
1 0 1 .3% of full length Ad2. See Table III for the sequence of Ad2-ORF6/PGK-CFTR. 
The CFTR transcript is predicted to initiate at one of three closely spaced 
5 transcriptional start sites in the cloned PGK promoter (Singer-Sam et al. (1 984) Gene 32:409- 
417) at nucleotides 828, 829 and 837 of the recombinant vector (Singer-Sam et al. (1984) 
Gene 32:409-417). A hybrid 5' untranslated region is comprised of 72, 80 or 81 nucleotides 
of PGK promoter region, 86 nucleotide of linker sequence, and 1 0 nucleotides derived from 
the CFTR insert. Transcriptional termination is expected to be directed by the BGH poly A 

10 addition signal at recombinant vector nucleotide 5530 yielding an approximately 4.7 kb 
transcript. The CFTR coding region comprises nucleotides 1010-5454 of the recombinant 
virus and nucleotides 182, 181 or 173 to 4624, 4623, or 4615 of the PGK-CFTR-BGH 
mRNA respectively, depending on which transcriptional initiation site is used. Within the 
CFTR cDNA there are two differences from the published (Riordan et al, cited supra) cDNA 

15 sequence. An A to C change at position 1990 of the CFTR cDNA (published CFTR cDNA 
coordinates) which was an error in the original published sequence, and a T to C change fr 
introduced at position 936. The change at position 936 is translationally silent but increases 
the stability of the cDNA when propagated in bacterial plasmids (Gregory et al. (1990) 
Nature 347:382-386; and Cheng et al. (1990) Cell 63:827-834). The 3' untranslated region of 

20 the predicted CFTR transcript comprises 2 1 nucleotides of linker sequence and 
approximately 10 nucleotides of synthetic BGH poly A additional signal. 

Although the activity of CFTR can be measured by electrophysiological methods, it is 
relatively difficult to detect biochemically or immunocytochemically, particularly at low 
levels of expression (Gregory et al., cited supra; and Denning et al. (1992) J. Cell Biol. 

25 1 1 8:551-559). A high expression level reporter gene encoding the E. coli P galactosidase 
protein fused to a nuclear localization signal derived from the SV40 T-antigen was therefore 
constructed. Reporter gene transcription is driven by the powerful CMV early gene 
constitutive promoter. Specifically, the El region of wild type Ad2 between nucleotides 357- 
3498 has been deleted and replaced it with a 515 bp fragment containing the CMV promoter 

30 and a 3252 bp fragment encoding the P galactosidase gene. 

Rp piilatnrv Characteristics of the E lements of the AD?.-ORF6/PC T K-CFTR 

In general terms, the vector is similar to several earlier adenovirus vectors encoding 
CFTR but it differs in three specific ways from the Ad2/CFTR-1 construct. 



35 



PGK Promoter 

Transcription of CFTR is from the PGK promoter. This is a promoter of only 
moderate strength but because it is a so-called house keeping promoter we considered it more 
likely to be capable of long term albeit perhaps low level expression. It may also be less 
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Hkely to be subject to "shut-down" than some of the very strong promoters used in other 
studies especially with retroviruses. Since CFTR is not an abundant protein longevity of 
expression is probably more critical than high level expression. Expression from the PGK 
promoter in a retrovirus vector has been shown to be long lasting (Apperley et al. (1991) 
5 Blood 78:3 10-3 17). 



f nlyaHenvlation Signal 

Ad2-ORG6/PGK-CFTR contains an exogenous poly A addition signal after the CFTR 
coding region and prior to the protein IX coding sequence of the Ad2 El region. Since 

1 0 protein is believed to be involved in packaging of virions, this coding region was retained. 
Furthermore, since protein DC is synthesized from a separate transcript with its own promoter, 
to prevent possible promoter occlusion at the protein DC promoter, the BGH poly A addition 
signal was inserted. There is indirect evidence that promoter occlusion can be problematic in 
that Ad2/CMV pGal grows to lower viral titers on 293 cells than does Ad2/pgal-l . These 

1 5 constructs are identical except for the promoter used for p galactosidase expression. Since 
the CMV promoter is much stronger than the Ela promoter it is probable that abundant IF 
transcription from the CMV promoter through the p galactosidase DNA into the protein IX 
coding region reduces expression of protein IX from its own promoter by promoter occlusion 
and that this is responsible for the lower titer of Ad2/CMV-Pgal obtained. 

20 

41tT*ffr g ftf tlwt R4 Region 

A large portion of the E4 region of the Ad2 genome has been deleted for two reasons. 
The first reason is to decrease the size of the vector used or expression of CFTR. Adenovirus 
vectors with genomes much larger than wild type are packaged less efficiently and are 

25 therefore difficult to grow to high titer. The combination of the deletions in the El and E4 
regions in Ad2-ORF6/PGK-CFTR reduce the genome size to 101% of wild type. In practice 
it is straightforward to prepare high titer lots of this virus. 

The second reason to remove E4 sequences relates to the safety of adenovirus vectors. 
A goal of these studies is to remove as many viral genes as possible to inactive the Ad2 virus 

30 backbone in as many ways as possible. The OF 6/7 gene of the E4 region encodes a protein 
that is involved in activation of the celiular transcription factor E2-F which is in turn 
implicated in the activation of the E2 region of adenovirus (Hemstrom et al. (1991) J. Virol. 
65:1440-1449). Therefore removal of ORF6/7 from adenovirus vectors may provide a further 
margin of safety at least when grown in non-proliferating cells. The removal of the El region 

35 already renders such vectors disabled, in part because Ela, if present, is able to displace E2-F 
from the retinoblastoma gene product, thereby also contributing to the stimulation of E2 
transcription. The ORF6 reading frame of Ad2 was added back to the E1-E4 backbone of the 
Ad2-ORF6/PGK-CFTR vector because ORF6 function is essential for production of the 
recombinant virus in 293 cells. ORF6 is believed to be involved in DNA replication, host 
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cell shut off and late mRNA accumulation in the normal adenovirus life cycle. The E1-E4- 
ORF6 + backbone Ad2 vector does replicate in 293 cells. 

The promoter/enhancer use to drive transcription of ORF6 of E4 is the endogenous E4 
promoter. This promoter requires Ela for activation and contains Ela core enhancer 
5 elements and SP1 transcription factor binding sites (reviewed in Berk, A.J. (1986) Ann. Rev. 
Genet. 20:75-79). 

frppliration Origin 

The only replication origins present in Ad2-ORF6/PGK-CFTR are those present in 
1 0 the Ad2 parent genome. Replication of Ad2-ORF6/PGK-CFTR sequences has not been 
detected except when complemented with wild type El activity. 

TI^H to Derivf fh* TVNIA Construct 
Construction of the recombinant Ad2-ORF6/PGK-CFTR virus was accomplished by 

1 5 in vivo recombination of Ad2-ORF6 DNA and a plasmid containing the 5' 10.7 kb of 

adenovirus engineered to have an expression cassette encoding the human CFTR cDNA ? 
driven by the PGK promoter and a BGH poly A signal in place of the El coding region. 

The generation of the plasmid, pBRAd2/PGK-CFTR is described here. The starting 
plasmid contains an approximately 7.5 kb insert cloned into the Clal and Bjjmffl sites of 

20 pBR322 and comprises the first 10,680 nucleotides of Ad2 with a deletion of the Ad2 
sequences between nucleotides 356 and 3328. This plasmid contains a CMV promoter 
inserted into the £lal and Spel sites at the region of the El deletion and is designated 
P BRAd2/CMV. The plasmid also contains the Ad2 5' ITR, packaging and replication 
sequences and El enhancer. The El promoter, Ela and most of Elb coding region has been 

25 deleted. The 3' terminal portion of the Elb coding region coincides with the pK promoter 
which was retained. The CMV promoter was removed and replaced with the PGK promoter 
as a CJal and SpsI fragment from the plasmid PGK-GCR. The resulting plasmid, 
P BRAd2/PGK, was digested with Audi and Bsffil and the excised fragment replaced with the 
Spel to BslEI fragment from the plasmid construct pAd2Ela/CFTR. This transferred a 

30 fragment containing the CFTR cDNA, BGH poly A signal and the Ad2 genomic sequences 
from 3327 to 10,670. The resulting plasmid is designated P BRAd2/PGK-CFTR. The CFTR 
cDNA fragment was originally derived from the plasmid pCMV-CFTR-936C using 
restriction enzymes Spel and Ecll36II- pCMV-CFTR-936C consists of a minimal CFTR 
cDNA encompassing nucleotides 123-4622 of the published CFTR sequence cloned into the 

35 multiple cloning site of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR 
cDNA within this plasmid has been completely sequenced. 

The Ad2 backbone virus with the E4 region that expresses only open reading frame 6 
was constructed as follows. A DNA fragment encoding ORF6 (Ad2 nucleotides 34082- 
33 178) was derived by PCR with ORF6 specific DNA primers. Additional sequences 
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supplied by the oligonucleotides include cloning sites at the 5' and 3' ends of the PCR 
fragment. (CM and Eamffl respectively) and a poly A addition sequence AATAAA at the 3' 
end to ensure correct polyadenylation of ORF6 mRNA. The PCR fragment was cloned into 
pBluescript (Stratagene) along with an Ad2 fragment (nucleotides 35937-35577) containing 

5 the inverted terminal repeat, E4 promoter, E4 mRNA cap sites and first 32-37 nucleotides of 
E4 mRNA to create pORF6. A fiall- BamHI fragment encompassing the ITR and ORF6 was 
used to replace the SaJI-Esmffl fragment encompassing the ITR and E4 deletion in pAdAE4 
contains the 3' end of Ad2 from a Spfil site to the 3' ITR (nucleotides 27123-35937) and is 
deleted for all E4 sequences including the promoter and poly A signal (nucleotides 32815- 

10 35641). The resulting construct, P AdE40RF6 was cut with PjicI and ligated to Ad2 DNA 
digested with Eael nucleotide 28612). 293 cells were transfected with the ligation reaction to 
generate virus containing only open reading frame 6 from the E4 region. 

Tn Vitrn studies with A d?-OR F67POK-CFTR 

1 5 The ability of Ad2-ORF6/PGK-CFTR to express CFTR in several cell lines, including 

human HeLa cells, human 293 cells, and primary cultures of normal and CF human airway? r 
epithelia was tested. As an example, the results from the human 293 cells is related here. 
When human 293 cells were grown on culture dishes, the vector was able to transfer CFTR 
cDNA and express CFTR as assessed by immunoprecipitation and by functional assays of 

20 halide efflux. Gregory, R.J. et at. (1990) Nature 347:382-386; Cheng, S.H. et al. (1990) Cell 
63:827-834. More specifically, procedures for preparing cell lysales, immunoprecipitation of 
proteins using anti-CFTR antibodies, one-dimensional peptide analysis and SDS- 
polyacrylamide gel electrophoresis were as described by Cheng et al. Cheng, S.H. et al. 
(1990) Cell 63:827-834. Halide efflux assays were performed as described by Cheng, S.H. et 

25 al. (1991) Cell 66:1027-1036. cAMP-stimulated CFTR chloride channel activity was 

measured using the halide sensitive fluorophore SPQ in 293 cells treated with 500 IU/cell 
Ad2-ORF67PGK-CFTR. Stimulation of the infected cells with forskolin (20 \iM) and IBMX 
(100 urn) increased SPQ fluorescence indicating the presence of functional chloride channels 
produced by the vector. 

30 Additional studies using primary cultures of human airway (nasal polyp) epithelial 

cells (from CF patients) infected with Ad2-ORF6/PGK-CFTR demonstrated that Ad2- 
ORF6/PGK-CFTR infection of the nasal polyp epithelial cells resulted in the expression of 
cAMP dependent CI" channels. Figure 35 is an example of the results obtained from such 
studies. Primary cultures of CF nasal polyp epithelial cells were infected with Ad2- 

35 ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. Three days post infection, monlayers 
were mounted in Ussing chambers and short-circuit current was measured. At the indicated 
times: (1) 10 uM amiloride, (2) cAMP agonists (10 uM forskolin and 100 uM IBMX), and 
(3) 1 mM diphenylamine-2-carboxylate were added to the mucosal solution. 
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In Vivn Sft.rtir * v»itH Ari?.-ORFfi/PCiK-CFTR 
yinis preparation 

Two preparations of Ad2-ORF6/PGK-CFTR virus were used in this study. Both were 
5 prepared at Genzyme Corporation, in a Research Laboratory. The preparations were purified 
on a CsCl gradient and then dialyzed against tris-buffered saline to remove the CsCl. The 
preparation for the first administration (lot #2) had a titer of 2 x 10"> IU/ml. The preparation 
for the second administration (lot #6) had a titer of 4 x lO™ IU/ml. 



10 Animals . w 

Three female Rhesus monkeys, Macaca mulatto, were used for this study. Monkey C 

(#20046) weighed 6.4 kg. Monkey D (#20047) weighed 6.25 kg. Monkey E (#20048) 

weighed 10 kg. The monkeys were housed in the University of Iowa at least 360 days before 

the start of the study. The animals were maintained with free access to food and water 

15 throughout the study. The animals were part of a safety study and efficacy study for a 

different viral vector (Ad2/CFTR-1) and they were exposed to 3 nasal viral instillation ^ 
throughout the year. The previous instillation of Ad2/CFTR-1 was performed 116 days prior 
to the initiation of this study. All three Rhesus monkeys had an anti-adenoviral antibody 
response as detected by ELISA after each viral instillation. There are no known contaminants 

20 that are expected to interfere with the outcome of this study. Fluorescent lighting was 
controlled to automatically provide alternate light/dark cycles of approximately 12 hours 
each. The monkeys were housed in an isolation room in separate cages. Strict respiratory 
and body fluid isolation precautions were taken. 

25 Vipis administration .... 

For application of the virus, the monkeys were anesthetized by intramuscular injection 
of ketamine (15 mg/kg). The entire epithelium of one nasal cavity in each monkey was used 
for this study. A foley catheter (size 10) was inserted through each nasal cavity into the 
pharynx, the balloon was inflated with a 2-3 ml of air, and then pulled anteriorly to obtain a 

30 tight occlusion at the posterior choana. The Ad2-ORF6/PGK-CFTR virus was then instilled 
slowly into the right nostril with the posterior balloon inflated. The viral solution remained 
in contact with the nasal mucosa for 30 min. The balloons were deflated, the catheters were 
removed, and the monkeys were allowed to recover from anesthesia. 

On the first administration, the viral preparation had a titer of 2 x 10™ IU/ml and 

35 each monkey received approximately 0.3 ml. Thus the total dose applied to each monkey 
was approximately 6.5 x 10* IU. This total dose is approximately half the highest dose 
proposed for the human study. When considered on a IU/kg basis, a 6 kg monkey received a 
dose approximately 3 times greater that the highest proposed dose for a 60 kg human. 
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Timing ft f evaluations. 

The animals were evaluated on the day of administration, and on days 3, 7, 24, 38, 
and 44 days after infection. The second administration of virus occurred on day 44. The 
monkeys were evaluated on day 48 and then on days 55, 62, and 1 29. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells after the first viral administration, the nasal 
mucosa was first impregnated with 5 drops of Afrin (0.05% oxyraetazoline hydrochloride, 
Schering-Plough) and 1 ml of 2% Lidocaine for 5 minutes. A cytobrush was then used to 
gently rub the mucosa for about 3 sec. To obtain pharyngeal epithelial swabs, a cotton-tipped 
1 0 applicator was rubbed over the back of the pharynx 2-3 times. The resulting cells were 
dislodged from brushes or applicators bto 2 ml of sterile PBS. After the second 
administration of Ad2-ORF6/PGK-CFTR, the monkeys were followed clinically for 3 weeks, 
and mucosal biopsies were obtained from the monkeys medial turbinate at days 4, 1 1 and 1 8. 

15 Animal evaluation. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs.yA 
record of food and fluid intake was used to assess appetite and general health. Stool 
consistency was also recorded to check for the possibility of diarrhea. At each of the 
evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 

20 The nasal mucosa, conjuctivas and pharynx were visually inspected. The monkeys were also 
examined for lymphadenopathy. 

H m atn1ngv and smim chemistry 

Venous blood from the monkeys was collected by standard venipuncture technique. 
25 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 
Hospitals and Clinics using a Hitatchi 737 automated chemistry analyzer and a Technicom 
H6 automated hematology analyzer. 

Serology 

30 Sera from the monkeys were obtained and anti-adenoviral antibody titers were 

measured by ELISA. For the ELISA, 50 ng/well of killed adenovirus (Lee Biomolecular 
Research Laboratories, San Diego, Ca) was coated in 0.1M NaHC0 3 at 4» C overnight on 96 
well plates. The test samples at appropriate dilutions were added, starting at a dilution of 
1/50. The samples were incubated for 1 hour, the plates washed, and a goat anti-human IgG 

35 HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, PA) was added for 1 
hour. The plates were washed and O-Phenylenediamine (OPD) (Sigma Chemical Co., St. 
Louis, MO) was added for 30 min. at room temperature. The assay was stopped with 4.5 M 
H 2 S0 4 and read at 490 run on a Molecular Devises microplate reader. The titer was 
calculated as the product of the reciprocal of the initial dilution and the reciprocal of the 
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dilution in the last well with an OD>0.100. Nasal, washings from the monkeys were obtained 
and anti-adenoviral antibody titers were measured by ELISA, starting at a dilution of 1/4. 



10 



Nasal Washings. 

Nasal washings were obtained to test for the possibility of secretory antibodies that 
could act as neutralizing antibodies. Three ml of sterile PBS was slowly instilled into the 
nasal cavity of the monkeys, the fluid was collected by gravity. The washings were 
centrifuged at 1000 RPM for 5 minutes and the supernatant was used for anti-adenoviral, and 
neutralizing antibody measurement. 



Cytology 

Cells were obtained from the monkey's nasal epithelium by gently rubbing the nasal 
mucosa for about 3 seconds with a cytobrush. The resulting cells were dislodged from the 
brushes into 2 ml of PBS. The cell suspension was spun at 5000 rpm for 5 min. and 
15 resuspended in 293 media at a concentration of 10°" cells/ml. Forty ul of the cell suspension 
was placed on slides using a Cytospin. Cytospin slides were stained with Wright's stain anff 
analyzed for cell differential using light microscopy. 

n-llrrr frr A ^p-np F6/PFK-CFTR 

20 To assess for the presence of infectious viral particles, the supernatant from the nasal 

brushings and pharyngeal swabs of the monkeys were used. Twenty-five ul of the 
supernatant was added in duplicate to 293 cells. 293 cells were used at 50% confluence and 
were seeded in 96 well plates. 293 cells were incubated for 72 hours at 37°C, then fixed with 
a mixture of equal parts of methanol and acetone for 10 min and incubated with an FITC 

25 label anti-adenovirus monoclonal antibodies (Chemicon, Light Diagnostics, Temecuca, Ca) 
for 30 min. Positive nuclear immunofluorescence was interpreted as positive culture. 

Tmmrtl"^™ heT ™fttTY fn T the detection ofCPTR. 

Cells were obtained by brushing. Eighty ul of cell suspension were spun onto gelatin- 

30 coated slides. The slides were allowed to air dry, and then fixed with 4% paraformaldehyde. 
The cells were permeabilized with 0.2 Triton-X (Pierce, Rockford, 11) and then blocked for 60 
minutes with 5% goat serum (Sigma, Mo). Apool of monoclonal antibodies (M13-1, Ml-4, 
and M6-4) (Gregory et al., (1990) Nature 347:382-386); Denning et al., (1992) J. Cell Biol. 
1 1 8:(3) 551-559); Denning et al., (1992) Nature 358:761-764) were added and incubated for 

35 12 hours. The primary antibody was washed off and an antimouse biotinylated antibody 
(Biomeda, Foster City, Ca) was added. After washing, the secondary antibody, streptavidin 
FITC (Biomeda, Foster City, Ca) was added and the slides were observed with a laser 
scanning confocal microscope. 
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Biopsies 

To assess for histologic evidence of safety, nasal medial turbinate biopsies were 
obtained on day 4, 1 1 and 18 after the second viral administration as described before 
(Zabner et al (1993) Human Gene Therapy, in press). Nasal biopsies were fixed in 4% 
5 formaldehyde and H&E stained sections were reviewed. 

RESULTS 

Studio nf efficacy. 

1 0 To directly assess the presence of CFTR, cells obtained by brushing were plated onto 

slides by cytospin and stained with antibodies to CFTR. A positive reaction is clearly evident 
in cells exposed to Ad2-ORF6/PGK-CFTR. The cells were scored as positive by 
immunocytochemistry when evaluated by a reader blinded to the identity of the samples. 
Cells obtained prior to infection and from other untreated monkeys were used as negative 

15 controls. Figures 36A-36D, 37A-37D, and 38A-38D show examples from each monkey. 



Studies of safety 

None of the monkeys developed any clinical signs of viral infections or inflammation. 

20 There were no visible abnormalities at days 3, 4, 7 or on weekly inspection thereafter. 

Physical examination revealed no fever, lymphadenopathy, conjunctivitis, coryza, tachypnea, 
or tachycardia at any of the time points. There was no cough, sneezing or diarrhea. The 
monkeys had no fever. Appetites and weights were not affected by virus administration in 
either monkey. The data are summarized in Figures 39A-39C. 

25 The presence of live virus was tested in the supernatant of cell suspensions from 

swabs and brushes from each nostril and the pharynx. Each supernatant was used to infect 
the virus-sensitive 293 cell line. Live virus was never detected at any of the time points. The 
rapid loss of live virus suggests that there was no viral replication. 

The results of complete blood counts, sedimentation rate, and clinical chemistries are 

30 shown in Figure 40A-40C. There was no evidence of a systemic inflammatory response or 
other abnormalities of the clinical chemistries. 

Epithelial inflammation was assessed by cytological examination of Wright-stained 
cells (cytospin) obtained from bnishings of the nasal epithelium. The percentage of 
neutrophils and lymphocytes from the infected nostrils were compared to those of the control 

35 nostrils and values from four control monkeys. Wright stains of cells from nasal brushing 
were performed on each of the evaluation days. Neutrophils and lymphocytes accounted for 
less than 5% of total cells at all time points. The data are shown in Figure 41 . The data 
indicate that administration of Ad2-ORF6/PGK-CFTR caused no change in the distribution 
or number of inflammatory cells at any of the time points following virus administration, 

SUBSTITUTE SHEET (RULE 26) 
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even during a second administration of the virus. The biopsy slides obtained after the second 
Ad2-ORF6/PGK-CFTR administration were reviewed by an independent pathologist, who 
found no evidence of inflammation or any other cytopathic effects. Figures 42 to 44 show an 
example from each monkey. 
5 Figures 45 A-45C shows that all three monkeys had developed antibody titers to 

adenovirus prior to the first infection with Ad2-ORF6/PGK-CFTR (Zabner et al. (1993) 
Human Gene Therapy (in press)). Antibody titers measured by ELISA rose within one week 
after the first and second administration and peaked at day 24. No anti-adenoviral antibodies 
were detected by ELISA or neutralizing assay in nasal washings of any of the monkeys. 

1 0 These results combined with demonstrate the ability of a recombinant adenovirus 

encoding CFTR (Ad2-ORF6/PGK-CFTR) to express CFTR cDNA in the airway epithelium 
of monkeys. These monkeys have been followed clinically for 12 months after the first viral 
administration and no complications have been observed. 

The results of the safety studies are encouraging. No evidence of viral replication was 

1 5 found; infectious viral particles were rapidly cleared. The other major consideratipn for 

safety of an adenovirus vector in the treatment of CF is the possibility of an inflammatory W 
response. The data indicate that the virus generated an antibody response, but despite this, no 
evidence of a systemic or local mflammatory response was observed. The cells obtained by 
brushings and swabs were not altered by virus application. Since these Monkeys had been 

20 previously exposed three times to Ad2/CFTR-1 , these data suggest that at least five 
sequential exposures of airway epithelium to adenovirus does not cause a detrimental 
inflammatory response. 

These data indicate that Ad2-ORF6/PGK-CFTR can effectively transfer CFTR cDNA 
to airway epithelium and direct the expression of CFTR. They also indicate that transfer and 

25 expression is safe in primates. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents of the specific embodiments of the invention 
30 described herein. Such equivalents are intended to be encompassed by the following claims. 
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SiiSiSS SoiSi^T SSKfSSf ^TCTT ™*™TT* 

7 C-S^FIbLiS Lo^^S c'0n4uCT« K5 KSGOIATOl: COD0H 



HY3PJID ElA-CrT?.-I13 HSSSAGE 



T220i 123 TO <622 Or KWW CFTR CEt» 1260i_ 



_12.' 



1750 1760 1770 1780 1790 180C- 

ataac^ ggaatataac rr,.,ca,CTA cagaagtagt ^tggagaat ctaacagcct 

7ATTCTGTAA CCTTATATTG AATTGC7GAT GTCTTOjTOj C^CTCTTA CATTCTW- . 

Y CYSTlC L FI 3 losis TRAJ^eJ^ C^UCT^CE picuL.TOP.: CODDN 

. U HYBRID KZ.SSAG1. > - - r 

1280 i 123 TO 4622 07 KUK^ CFTR CEMA 13201 1-^ - 



ieio as2o 



1£ 30 1840 1850 



PCT/US93/H667 

WO 94/12649 

-71- 

„.., tf-AAAACAAT AACAATAGAA 
TCTGGGAGCA GGGATTCG3G CAATTATITP ACAAACCAAA %gr£ ( ~r TK TTGTTATCTT 
AGACCCTCCT CCCTAAACCC CTTAATAAAC TCTTTCGTIT TGX ^ ^ N K R> 

TWE E CFG E 1/ F E K A n ^^tor. CODCN > 

L-CYST2C FIBROSIS TRANSHEMBRA^ CWCOCTANg RSGUW^ > 

X8B0 "SO »00 "10 1™ 

AAACTTCTAA TCO^ATGAC A^CTCTTCT JggggJJ gS JSiSSS 
K - S^lAA KEG^ ~DC*_> 



.14001. 



" X»0 IN* WO ' " 80 

TCCTGAAAGA TATmTTJC Wa=»A OGgCAOTT gTOOgCIT gOgCg 
ACKACTTTCT- ATAATTAAAG TOTMCTIT <•■»•"*?■"£ L A V A G S> 

199 0 2000 2010 2020 2030 20.0 

CTGGAGCAGG ' CAAGACTTCA *g™ ™£g 

GACCTCGTCC GTTCIGAAGT GMGMTACT ACTAATAOi E L E P . S E> 

T G A G XT S VA" ScMDOCTMlCE PSGDLATORi COEON > 

CVSTIC FIBROSIS TR 2? S 2??72S.™^ E ssll0E » * 

H.fc TjgS J^h^T™ C-^-WOi »70> 

2070 2080 2090 2X00 

GTAAAATTAA GCACAGTCGA £«n«r TCTGTTCTCA GjrrTCCTGG ATTATGCCTG 
CATTTTAATT CGTGTCACCT TCTTAAAGTA AGACAAU^l _ „ I K P> 

= ^!c K ™s cWgc, ? ^ TO r, coco.,- ; 



_15S0i .123 TO 4622 Or 

iII0 2120 



130 2K0 2150 2160 



_ .__~ r ~r~ — rrrr^ATGA TGAATATAGA TACAGAAGCG 
SSSSt WKS SJSi^ A^AGGATACT «™«C, ATBCnCK 

21E 0 21» 2200 

TCATCAAACC ATGCCAACTA GAAGAOGACA JKOKTT J?£gg£ S^IK 
ACTACTTTCG TACGGTTGAT CTTCTCCTGT AG«GjTTC ,,-GTCT.. ^ „ „ j, 

" ^S^c\lB R OS?S C^™^ RZGUtATOH: COSO^_ > 



PCT/US93/11667 

WO 94/12649 



2230 



~ 72 " 2270 2280 

2240. 2250 2260 



_1 ^rr-rmrr ACCAAGAATT TCTTTAGCAA 
TTCTTGGAGA ACCTGGAATC ACACTC^ ggjgjg JStTCTTAA A<?AAATCGTT 
AAGAACCTCT TCCACCTTAG T^CTCAC C^^P^ A R I S U Jo 

. 2320 2330 2340 

2290 • 2300 2310 23ZU 

* _, i ~ Pl ,r.nrTC TCCTTTTGGA TACCTAGATG 

GAGCAGTATA CAAAGATGCT GATTTGTATT JJ^Jg^g AGGA AAACCT ATGGATCTAC 
CTCGTCATAT GTTTCTACGA CTAAACATAA ATAATUiw.^ p F G Y I. D> 

R A V Y K D A D L Y CONDUCTANCE KEGUIATOR; CODON > 

CYSTIC FIBROSIS TRANSMEMBRANE "JKggJg U > 

g s ffiffiffi^ 1870> 

2370 2380 23*0- 2400 

TTTTAACAGA AAAAGAAATA T^AGCX ^ g^S 
AAAATTGTCT TTTICTTTAT AAACTTTCGA caca^ ^ L M A K K T> 

V L T E X E I V, ^cndocTAKCE REGULATOR; CODON > 

CYSTIC FIBROSIS THAKSKEMB^ANE JJ^gggg h > 

h HYBRID E1A-CFTR-E1B KESSR^fc rrrT, 193 0> 

IfiBO i 123^0 4622 OF HUMAN CFTR CENA 1920a lyJU> 

2440 2450 .. 2460 



2410 2420 2430 



-.fcvrrbfcXGC TGACAAAATA TTAATTTTGC 
GGATTTTGGT CACTTCTAAA ^TGGAACATT TAAAU^h. ^^^^ ^tjaAAACG 
CCTAAAACC^ GTGAA(SATTT TACCTTCTAA ATIT^ruo p R 2 L I L> 

rvr -TTCAGAACT CCAAAATCTA CAGCCAGACT 

ATGAAGGTAG CAGCTATTTT T~W«eAT ™A£^ GcrrrrAG . 1 , T GTCGGTCTGA 
TACTTCCATC GTCGATAAAA ATACCCTCTA ^AAGTCTO- <~ Q ^ L Q p D> 

" cvsti AibIosL coa^_ > 



2530 25.0 r,50 2360 2570 2580 

TTAGCTCAAA ACTCATGGGA T^TTCri TCGACCAATT JACTGCAGAA AOAAGAAA^ 
AATCGAGTTT TGAGTACCCT ACACTAAGAA ^f^^ "•J"^"; R R N> 
r CY^FI^S C-J™ REG^TOR;^_ : 

h HYBRID HlA-CrTR-^lB HESS-G- ==5 nC: 



~70fifH 123 TO ^622 bf KUKW CDMA. 



--in 2620 2630 25<C 

2590 2600 '° 10 

„ * r > rrrT -nrr r>^AGAAGG AGATGCTCCT gtctcctgc.-. 

SSSSS SSSS SSSSS f^*™ ™^ c^cct 



PCT/US93/11667 

WO 94/12649 



" 73 - 2 690 "0° 




->oi0 *** 

2B90 290 ° ___-. T gaCACACTCA GTT^ACC^ 

- •? — lJ •» TO 4 £-2 ~- 1.000 



_2, 2530 

2 c£0 



" ■ < 2 3 TO <62^ 0: ^ ■: 0£C 

2480i_— 123 . 3050 

T rr r^ cs o^jc^ 

CT: 5j jL*- * ~ w"-'3?_ID £-—* •"**" 



74 

PCT7US93/11667 

WO 94/12649 

^_2S40i 123 TO 4622 OF HUMAN CFTR CFNA__2580i 2S90> 

3070 3080 • 3090 3100 3110. : 3120 

TAAGTCAAGA AATTAACGAA MflgX- ^JSSS SSIS^A T^SSSSS 
ATTCACTTCT TTAATTGCTT CTTCTCAXTT TCCTCACGCA A*™ jj D M E S> 

Z SEE I N E BP *> • KJLrZtMCZ REGULATOR; CODON 1> 

CYSTIC FIBROSIS TRAKSMEMBRWE g^gg** h ! > 

TACCAGCAGT GACTACATGG Sg£K ISSS £gg£S£ 

ATGGTCGTCA CTGATGTACC TTCTGTATGG AAGCTATATA ATUA ^ ^ K S L> 

J l9 0 3200 3210 .3220 3240 

AAAAACACGA TTAAACCACG AATCATTAAA AAGACCen.r u ^ A A SI* V> 

,, 70 3280 3290 ' 3300 

3250 3260 3270 

„ ^_^_ rf - rrc AAGACAAAGG GAATAGTACT CATAGTAGAA 
TGCTGTGGCT CCTTGGAAAC ^TCCTCTTC *^£^ c mATCA TGA GTATCATCTT 
ACGACACCGA GGAACCTTTG TGAGGAGAAG TIt-iw ^ q N S T HSR> 

3320 3330 "40 3350 3360 . 

_ >trr , rr vrr> rCAGTTCGTA TTATGTGTTT TACATTTACG 

iSEKi SS SSSS SSS£»t -™ *™ f 

--on 3<00 3410 3420 

3370 3j80 -->90 - > '- u ^ 

„, , ^ -CG GATCTTCAG AGGTCTACCA CTGGTG CAT A 

TGGCAGTAGC CGA3ACTTT. CTT^C- TCCAGATGGT GACCACGTAT 
..-..I x-v-TCATCC GCTGTGAAAC GAACr,A.ACC R G L p l, v K> 
V G V A D T L rnMTVlCTAMC^ RSCUIATOR; CODON > 

^ K»«H CFTR CDHA_29<0i 29>0> 

3430 34,0 3«0 3.60 3470 3<8C 

CTCTAATCAC AGTGTCGAAA JTTITJCAcJ £££££ £SJ£S1 S£tS£ 
G.,GATTAGTG TCJWGCTTT TA-^TCTG. TC^AC^A ^ s ^ L Q ^ 

C^silc" FIBROSIS TR>^^ CONDUCTANCE REGULATOR; COM* , 



WO 94/12649 
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-75- 



~123 TO 4622 OF HUKAN CFTR CCNA 300U1. 



_2960i_ 
3490 3500* 3510 



_3010> 



3520 35?° 3540 



CTATGTCAAC CCTCAACACG ^^'^S^i Inl^M IqCT^SJS 
GATACAGTTG GGAG7TGTGC AACTTTCGTC ^ CT AAGA A R F S K D> 

-x«;nn 3590 3600 

3550 3560 3570 • 3580 

* „ • rcATATTTGA CTTCATCCAG TTGTTATTAA 

SEE SSSS SS g^taootc ««;«»> 

itto 3640 " 3650 3660 

3610 3620 3630 w» m m 

/-rrr-rrccxG TTTTACAACC CTACATCTTT GTTGCAAGAG 

SSSS S SS Sw*?-^ 
LbAc g «AA i«£~sz f"g ^"""^ coco '— ^ 



.314 Ox 



•3670 3680 MM "00 3710. ^ 3720 

tcccag^at ac^ctttt' ATXATcmx ^catattt gggjjcc Tncrcgc 

ACGGTCACTA TCACCGAAAA TAATACAACT ^CH-ATAA* Q T S Q Q> 

mft — gSS Jgf^ l SSr5 > iC3i5i "so 

• 3730 3740 3750 3760 3770 3780 

ESSE S5SSS KSS SEES SSSE SSS 

ZZZZHSoiZZZS?™ ^ - Crr?. CWPL—3300S ^10> 

3,90 3800 3ei0 U20 3830 3840 

AAGGACTATG GACACTTOii GCCTTCGGAC SSS-CTGT 
TTCCTGATAC CTGTGAAGCA CGGAAGCCTG CCGTCC-AAT GA^ACTTTGA ^ 

" c'vs^cVsI.OSXS ?^4^e CONDUCTANCE REGULATOR; CODON : 

h HYBRID ElA-CrTR-£13 HESSACr. — 

— — 3320iZZZl23 TO 4622 OF HUKW CFTR CWA ;360. ^ 



3B50 3860 3370 



3880 3890 3900 



AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTCTACCT ^CAACACTG CGCT^ C 
TTCGAGACTT AAATGTATGA CGGTTGACCA AGAACATC-A CAGTTGTGAv. 
X A L N L K T A N « • 
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WO 94/12649 

-76- 

3910 3920 .3930 3940 3950 3960 

AAATGAGAAT AGAAATGATT 1TTCTCATCT TCXTCA^g. Jg^g ££££££ 
TTTACTCTTA TCTTTACTAA AAACAGTAGA AGAACTAACG p x g x> 

HS^ ^2^S M gS G ?i^«oS 3490^ 

3970 • 3980 -3990 4000 4010 4020 

TAACAACAGG AOAAGGAGAA GGAAGAGTTO gATTATCCT gCTTTJGCC JTCAATATCJ 
ATTGTTGTCC TCTTCCTCTT CCTTCTCAAC CATAATAOOA v. ^ ^ A . . M N I> 
L T T G E G E C R v ^ _ REGULATOR; CODO^__> 

CYSTIC FIBROSIS TRANSMEMBRANE CONKJCTANCE Kt*,u ^ > 

h HYBRID E1A-CFTR-E1B MESSAGE =Tii£ > 

^B i 1 23 TO 4622 OF HDHAN CFTR CENA 3540a J550> 



4030 4040 4050 4060 4070 4080 

= ssss ssss ssffsss 

123TO 4622 OF HUMAN CFTR CENA 3600a _3610> 

A^^r i 4120 4130 4140 

4090 4100 4110 

^—JL .^ rr . r . Tr r : CAACAGAAGG TAAACCTACC AAGTCAACCA 

Ig^gS SSSSS SSSctkc Kmaoam ttc™ 



3620i 

,,,„ iign 4190 4200 

4150 4160 41^0 4180 

^ T^iTGATTAT TGAGAATTCA CACGTGAAGA 

AACCATACAA GAA7CGCCAA CTCTCG—^ TT™StI ACTCTTAAGT GTGCACTTCT 
TTGGTATG7T CTTACCGGTT GAGAGCTTTC ~.~CT~TA — N g H v k> 

K c'Ysric'rxBROS^s JransW^ conkjctancs regulator; codqn , 

l 6B o " STff i«2 OF HUMAN CFTR CO«__3720i 37^0= 

4210 ^220 <230 <2<0 4250 4250 

^gatgacat ctggccctca k-oggccaaa t^tctcaa ggSSg 

TTCTACTGTA GACCGGCACT CCCCCGGTTT AC.G.C-.GTT TCTAGAGTGT ^ ^ ^ 

* «s?i C X f«~«s ^SmsSsrJe conductance regulator: CODON 

~ ?S"oJm7r? R C c^=^80i==3^ 

. 270 <280 <2?0 O00 <310 02- 

— — ■ ■ : r*rr A.-.7AACTCCT GGCCAGAGGC 



WO 94/12649 
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-77- 

LJysSxc^xbSosSs tWo^rSne r^tSr: gcA±L> 

SSS S g g 5»Scrf 38SO> 

4330 4340 4350 «60 ' «70 .4380 

== 386bfc=5S^S ^622^F HUMAN CFTR" CI™ 39005 3910> 

4390 4400 4410 4420 4430 4440 

is si SSSK SSS3S 2SfS£f2£ 

3 920 1 123TO-4622 OF HUMAN CFTR CENA 3960l__ 3970> 



4450 4460 4470 4480 4490 4500 

**r*r~rtt*r raaagccttt GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 

SSSSc SSS SSSatg ^tttca taaataaaaa agaccitcta 

^cVsTlAlBROSIS TRANSMEMBRANE CO^CTANCE REGULATOR ; CODON > 

h ■ H YBRID E1A-CFTR-E1B MESSAGE — rrrrr 

^ qRO i 123 TO 4622 OF HUMAN CFTR CENA 40203 : 4030> 

4S10 4520 . 4530 4540 4SS0 4560 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG JAAGTTGCAG 
AATCTTTTTT GAACCTAGGG ATACTTGTCA CCTCACTAGT TCTTTATACC TTTCAACGTC 
-tjvn TDP Y E Q WSDQ E I W js. v a> 

cWtic tsSqsis transmembrane CONDUCTANCE REGULATOR; CODON > 

" W H YBRID E1A-CFTR-E13 MESSAGE h > 



4040 V 123 TO 4622 Or CFTR CENA 4080i 4090> 

45 70 4580 4590 4600 4610 4620 

ATGAGGTTG3 GCTCAGATCT GTGATAGAAC AGTTTCCTGG ^GCTTGAC. TTTGTCCTTG 
7ACTCCAACC CGAGTCTAGA CACTATCTTG TCAAAGCACC CTTCG^CTG A^jR™. 
r> =■ v r r • a c V I E' Q F ? G a o D .- V _> 

CYSTIC FI3R0SZS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h KY3RID E1A-CFTR-E13 MESSAGE - h TTTT. 

4100 i 123 TO 4622 OF HUMAN CFTR CENA 41401 <150> 



4630 4640 4650 4660 4670 . 46SC 

TCGATCGGGG CTGTGTCCTA AGCCATGGCC ACAAGCA.GTT GATGTGCTTG CjCTAGATCTG 
ACCTACCCCC GACACAGGAT TCGGTACCCC TGTTCCTCAA CTAO.CGAAC C^TCT^. 
v n r r C V L S H C- H K 0 L H C L « R b> 

O-STTC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR: CODON > 

h HYBRID E1A-CFTR-E13 MESSAGE h 

4160i 123 TO 4622 OF KUKAN CFTR CDNA 4200i <2-_- 

4690 4700 <-10 <72C 4730 474'. 

VTCTCAGTAA G3CGAAGATC TTGCTG- ~:0 AT.".-..'-.t CCAC- TC- ----- ■ " 
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AAGAGTCATT CCGCTTCTAC AACCACGAAC TACTTCOCIC ACGACTAAAC CTACCICATT 
L^xA^S COCOH— > 

— — f^ST^a^-^soL — «7o: 

4750 4760 4770 4780 4790 4800 

CATACCAAAT AATTAGAAGA ACTCTMAAC AAGCATTTGC TGAJTCCACA g£TTCTCT 
GTATCGTTTA TTAATCTTCT TGAGAT1TTG TKOTAAACO ACTAAUV.^ v j. ^ 

*_ .^nn-m r*ifc-/-FTR-£lB MESSAGE *<■ 



_4280i, 



S £fg ^ 2 ^^^ ^^^ .4330. 



.4810 .".4820 4830 4840 4850 4860 

GTGAACACAG GATAGAAGCA ATGCTGGAAT ^CAACAATT TTTGCTCATA "^AGAACA 
CACTTGTGTC CTATCTTCGT TACGACCTTA CGGTTGTTAA AAACCAGTAT CTXCTCTTGT 

° CYS^lAlBROsfs JkAkSheSbhLe CONXOCTANCE ISOLATOR; CODOS ^ 

Liaiau ^ irsroPTn E1A-CFTR-E1B MESSAGE JX. > 

4340^ gfg S^hSaN CFTR CmA_4380i 4390> 

4870 4880. ' 4890 4900 4910 4920 f 

AAGTGCGGCA GTAOSATTCC A1CCAGAAAC WCTGAACGA gGGAgCTC TTCCGGCAAG 
TTCACGCCGT CATGCTAAGG TAGGTCTTTG ACGACTTGCT CTCCTCGGAG MWjOSiTK. 

^ST^FXBROsJs IrAkLhSbHaW OCf^g REGULATOR ; CODON > 

u trvnoTn FlA-CFTR-ElS MESSAGE « 7-7— 

44 0P i HUMAN CFTR CDNA 4440i ^50> 

4930 4940 4950 4960 ' 4970 4980 

CCATCAGCCC CTCCGACAGG JXCggg cTTGAGTTCG StSStS 

GGTAGTCGGG GAGGCTGTCC CACTTCGAGA AAGG«GTt~C & K C x> 

iJvs?xc ™s?s tranL^haW cokdoctance regulator, CODON > 

trj-=t?Tn ^1A-CTTH-E13 MESSAG- 9 7— -r 

4,60 1 WHO* CFTR CI*A__4500i 4510> 



4000 5000 5010 5020 5030 5040 

„ ™ rSac AG^CAGAAGA AGAGG7GCAA GATACAAG-GC 

£5£££; tSScttct tctccacctt ctatgttccg 

S Cv S TIC Q "3'.0SIS ?R»£g£»aW CO^ANCE REGULATOR; CODON__> 

" k --V3=TD -1A-CFTR-E13 MESSAGE n — — 

4520 - V^'tO 4622 OF HUMAN CFTR C3«__4 560l <^C> 

5050 5060 5070 5080 5090 5100 

issgs HctSis esse esse ssss 

> h HYBRID E1A-CFTE-Z13 KES SAGE h — > 



_<530i_123 TO <622 OF KUH-.N C" CSiA _4 520i_> 



PCTAJS93/11667 

WO 94/12649 

-79- 

S140 51S0 .5160 

5110 5120 5130 S140 . . 

' kAGAATATAT AAGGTGGGGG 

TTGAGCTACT GAAATCTOTC OOOTgCTT TTCTTATWA TTCCACCCCC 

5i70 sieo s»» «• 5210 5220 

irrrnTCGCC ATGAGCGCCA ACTCGTTTGA. 

TCTCATGTAG TTTTCTATCT GTTTTGeAGC ACCCCCCGCC TGAGCAAAOP 
AGAGTACATC AAAACATAGA CAAAACGTCG TWA. M S A K S F I*> 

XX PROTEIN (HE| \ p- 

60_Ii.ElB 3 ' 3NTR0N __80. _> 

5250 5260 5270 S280 

5230 5240 

tt-fiTJiTGCCC CCATGGGCCG GGGTGCGTCA. 

TGGAAGCATT GTGAGCTCAT ATTTGACAAC G^TCCCC g£ ACCCGGC CCCACGCAGT 
ACCTTCGTAA CACTCGAGTA TAAACTGTTG p W A G V R O 

IX PROTEIN t«^-ASSC«M^^ & > 



_130 g_ 



c-cio 5320 5330 5340 

5290 S300 5310 . =>■> 

___ rv _- rrrrcrCCTG CCCGCAAACT CTACTACCTT 
GAATGTGATG GGC^CAGCA TTGATGGTCG CCCCCTCCTG GATGATGGAA 
CTTACACTAC CCGAGGTCGT AACTACCAGC CG^Q ^ PAN S T T I-> 

N V M G S S I » C R pROTEIN); C 0D0N_START=1 > 

IX PROTE** i^-^S^lB MESSAGE > 

540 ° 

GACGTACGAG ACCGTGTCTG GAACGCCGTT ggCXCCJ JCCTCCGCCG CCGCTTCAGC 
CTGGATGCTC TGGCACAGAC CTT^^- % TA A S A A A S A> 

T" V E TV S G T . : , R0T£IN); C0D0N_START=1 > 

IX ~ ^^-S:^:3 MESSAGE^-.-—* > 

- =3 ^ == ^r 1 ^ 3 °°- > 

545 e 



CGCTGCAGCC ACCGCCCGCC gxriggC ^CJTTGCT T^GCC CGC^Cg, 
GCGACGTCGG-TGGCGGGCGC CCTrAOjCTG ACHW~ ^ f L S P L A 

" « * xCi (■-— /ON- ' SSOCIATHI) PROTEIN); CODON_START=1 - 
h HYBRID ZL?.-CrTP.--l= MESSAGc. 



OCT^OCT TCCC0TTCXT CCCCCCCC* ' 
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jrA llP TGCCGAGAAA ACCGTGTTAA 

GTCACGTCGA AGGGCAAGTA «5C««CCCT XCTG1TCAAC TCC ^ L . L A Q L> 

IX PROIX!* (gXOg Sgggga MESSAGE £===> 

^7T-„ E iT a^lanwMSiATEg sequences — 4i«_s 

3/ 0 _g 55B0 

5530 5540 5550 . 5560 

* y"»gqiG CTGTTGGATC TGCGCCAGCA 
GGATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTCAGCAG gCJ^^ ACGCGGTCGT 
CCTAAGAAAC TCGGCCCTTC AATTACAGCA AAGAO^-O L L D L R Q Q> 

DSL, TRE t M _Y,.l^ ^unrETN) : COIX»I_START=l 1_> 

H YBRID E1A-CFTR*E1S KESSAUt, _ ^ ^ 

•TJ^r l H TS^WmmSIATED SEQUENCES 47U__g 

* 5590 5600 56.10 5620 5630. 

GGTTTCTGCC CTGAAGGCTT CCTCCTCTCC "AW^ ArmOTATr TATTT 
CCAAAGACGG GACTTCCGAA GGAGGGGAGG GITAC^-^ ^ 
VSA I, K A S • S - r - 



> 



h HYBRID E1A-CTTR-E1B MESbAur. 



I] — "^S^^^ES 530jl 
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Nucleotide Sequence Analysis of Ad2-0>RF6/PGK-CFTR 

36335 BP DS-DNA 



UOCOS AD2-ORF6/P 

DEFINITION - 

ACCESSION - 
KEYWORDS 

sotracfi. 

FEXTORES From 
fr*g 12915 
frag 3S069 
35*73 



rvs 


3S794 


ivs 


35794 


IVS 


35794 


IVS 


35794 


IVS ■ 


35794 


IVS 


35754 


IVS • 


35794 


IVS 


35794 


frag 


35978 




36007 


rpt 


36234 



fr^g 
p*pt 
pep^ 



^ 1291S 
< 28478 
28478 



mRNA 29331 
pre-msg < 12915 



pre-msg < 12915 20208 



pre-msg < 



pre-msg < 12915 30462 



pre-rosg < 



ll„3 33178 to 34082 o£ M2 fleq 167S-1689 

<o> ffiSi » < J - vi ~ 1 - 10< : 11 ' 

355 ,0 <c> incron U p. «r=l. SO. 10€-117 

(1984)1 SO 106-117 (1984)3 

«766 fd E4 mRNA intron D (J- Virol* bu, xuo ^ 
36335 «580 to 3S937 of Ad2 B eg 

< iss «> ws. was- -HI L 

invert* b»ll,ri. 

1 to 3281S of Ao2 sea (Split 1 
3 33K protein (virion morphogenesis 
1 33K protein (virion norphogenesrs) ; 

< 12915 fCl [SpUtl 
»ajor late jnRNA LI (alt.) 
189-221 (1981)1. tJ- Virol 
[Split J , 
aajor late mRNA L2 (alt.) ... • 

(1981)1 ' lJ -JS°i3 tilt" (Nucleic Acld^ Res: 
M jor late mRNA L3 I* 189-221 

(198XJJ/1** r- /alt.) [J- Mol- BXol- 149. 

S3^«Sh."-^- 127 - 134 

[Split] } tJ Moi. Biol. 149, 

(Split) 



36335 



35054 
28790 
28790 



16352 



[J. Mol. Biol. 149, 
48, 127-134 (1983)] 

(J* H^l- Biol. 149, 



1291S 24682 



12915 35037 
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Nucleotide Sequence Analysis (cont.) 



c 


< 12915 


13278 


xvs 


< 12915 


16388 


IVS 


< 12915 


18754 


IVS 


< 12915 


20238 


IVS 


< 12915 


21040 


IVS 


< 12915 


23888 



IVS 

rna 



pept 
pept 



signal 
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-ORF6/P length: ^S^lr^XWGWXCMX* TGATAATGACJ «XSGTCCACT 
1 CATCATCAAT AATATACCTT ATTTTCG^ I^S^co TAGTAGTGTa OCGGAACTOT 
61 TTCTGAeGTG GCGCGGGGCG SSScMO TCGTAAAAOT OACGTTTTTG 

121 GATCTTOCAA GTOTOCCGGA ACACATGTAA GWrTACOCG GATC5OTGTAG 

181 GTOTCCGCOG GK3TATACGG GAACTaACAA WTO^ QQQfj^eia AATAAGAGGA 
2" SSS CCTAACCAAQ TAATCTTTCG CCATTTTCGC ^^^TCG 
301 AGTGAAATCT GAATAATTCT CTGWACTCA JJ^^j GGTTGGGGTT OCGCCTTTTC 
361 AOOTCSACGG TCTATCGATA A^TTGA^T CGAATTU^ GGCGTCCTTC CGCCAAACCC 
421 tAAOGCAGCC CTOGCTTTGC ^AOOGACGC TTCGCAGCCT CACCCGOATC 

481 AGOGGCCCCC ACCCTOGGTC ^^^Z .^cTICCTC GTCCGCCCCT AAGTCGGGAA 
541 TTCGCOGCTA CCCTJCTGGO CCCC^g TGACAAACGG AAGCCGCACG TCTCAC^GT 
601 GGTTCCTTGC GGTTCGCGGC GTGCOGGACQ GCCGACCGCG ATCGGCTGTC 

661 ACCCTCGCAC ACCGACAGCG CCAMGAGCA ^^C^ GCCGCJGAAQG GGCGGTGCGG 
721 GCCAATAGCG GCTGCTCAGC ^GCGOGCGOC CCGCGCGGTG TTCCGCATTC 

781 GAGGOGGCCT GTCGCCCCGT AGTGTGGGCC CTXTn^ ttcacCGAAT CACCGACCTC 
841 TGCAAGCCTC CGGAGOGCAC GT^CAGTC JGCTOCCT^ TTTAAATCGT ACGCCTAGTA 
901 TCTCCCCAGG ATCCACTAGT AWAAATCGT AOCCCTAU CCG 2>GAGACC ATGCAGAGGT 
961 ACGGCCGCCA GICIGCTGCA GMM^ ^StT CACCIGGACC AGACCAATTT 
1D21 CGCCTCTCGA AAAGOCCACC JStSgACAT ATACCAAATC CCTTCIGTTG 

llll TGAQGAAAGG ATACACACAG ^CTGGAAT q^ATAGAGAC CTOGCTTCAA 

mil ATTCTGCTGA CAATCTATCT C --^^y±^ rvvVvrGTTT TTTCTCGAGA TTTATGTTCT 
lit] AGAAAAATCC TAAACTCATT AATGCCCTTC GGCGATCTTT „. AC TOGCAA 
22 aSgAMCTT TTTATATTTA GGGGAACTCA CCAAAGCAGT XKGCO ATTTATCTAG 

1321 Sa^TaS TTCCTATGAC C^ATAACA AOGAOCAA^ ccrACACCCA qccATTTTTG 
"gl GCATAGGCTT ATGCCTTCTC TTTAWGTGA «pAOTITGATr TATAAGAAGA 

SSSS CATTGGAATG CAGATCAGAA ^CTAJPTT CTTAGTCTCC 
1501 CTTTAAAOCT GTCAAGCCGT GTTCTAGATA JJA^^ GGCACATTTC GTGTCGATCG 
1561 TTTCCAACAA CCTGAACAAA TAATCTOCOA GTICTTACAG GCGTCTGCCT 

1621 CTCCTTTGCA AGTGGCACTC CTCATCGGGC JAATCT^ GGCTGGGCTA GGGAGAATGA 
1681 TCTGTGGACT TGGTTTCCTG ATAGTCCTTG ^^^.^eTICTC ATTACCTCAG 
1741 TGATGAAGTA CAGACATCAG ACAGCTGGGA ATCCAAAAAA 
1801 AAATCATTGA AAACATCCAA TCTGTTAA 
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Nucleotide Sequence Analysis (cont) 

. .A^it^ ivkcTCACTOC CAA0GCW5CC TATCTGAGAI 
1861 TOATTGAAAA C^ACAA ACACAACTCA ggggg StSStS TCTOTGCMC 
1921 ACTICAATAG CTCAGCCTTC TTCTTCTCAO caccacCAW: TCAITCTGCA 

1981 CCTA1CCACT AATC»AAOOA ^CATCCTCC ^TACAAACX rffcTATCACT 

2041 namcroco catcococtc JCTcggcaat £££££ ccaagaatat aagacatww 

2101 CTCTTGOAGC AATAAACAAA ATACACOATT £TTA£W£ ^^^^ tcgcaggACO 
2161. AATATAACTT AACGAOTACA OAAOTACTCA WJJ^X^ SaATAOAAAA ACTTCTAATG 
2221 GATXTGCGCA ACTATTTCAG ^CAAAAC AAAACAATAA ^^^^ ctcaAACata 
2281 OWAtCACAO CCTCWCOTC AOTAATTOCT ^^StTGC TGCATCCACT OOAGCAGGCA 
2341 TTAArCTCAA <»TAOAAACA ScTOGAOCC TTCAGAGGGT AAAMTAAGC 

3401 AGACTTCACT *CTAATCATG StcCTGGAT TATGCCTCCC ACCATOAAAG 

2461 ACAOtOGAAO AATWCATTC ^^JJJ AATATOflATA CAGAACCGTC ATCAAACCAT 
2S21 AAAATATCAT CTTTGGT&VT JKaAOA CAATAIACTT CTTCGAGAAG 

2581 QCCAACTACA ACAGGACATC TCCAAOTrTO CAOACARA^ GCAGTATACA 
26.41 GTGGAATCAC ACTGAGTGGA ^TCAACGAO CAAGAATTTC ^AACAGAAA 
2701 AAGATOCTGA TTTGTATTTA TTAGACTCTC «TXTOSAT^ c^cTACW ATTTTGGTCA 
2761 AAGAAATATT TGAAAGCTCT OT^eT^ I^aAW^AI* AATTTTGCAT GAAOGTACCA 
2821 CTTCTAAAAT CCAACATTTA AM"*"*0 JSaIScTACA GCCAGACTCT AGCTCAAAAC 
2881 GCTATTTTTA W»ACATTT ^CXACTCC SSSflAAAO AACAAATTCA ATCCTAACTG 
3941 TCATCGGATG TGATTCTTTC ^CWOTTA ^^TOT CTCCTCCACA CAAACAAAAA 
3001 AGACpTTACA COOTTTCTCA WAOAAGGAG JTGCTCCT^ CAAGAAOTCT ATTCTCAATC 
3061 AACAATGTTT TAAACAGACT O^ACTTTa TCCCTTACAA ATCAATGGCA 

3121 CAA1CAACTC TATACGAAAA TTTTCCATTG CTTAGTACCA GATTCTGAGC 

3181 TCGAAGAGGA "CTGATGAO CCTTTAGAOA JJJ^CAC TOGCCCCACG CTTCAGCCAC 
3241 AGGCAGAGGC CATOCTOCCT ^ATCAGOG JJ^^ TAACCAACGT CACAACATTC 
3301 GAAGGAGGCA GTCTClCCXa AACCTGATGA CACACT^ CCCKKQQCA AACTTGACTG 
3361 AGCGAAAGAC AACAGCATCC ^CACGAAAAG CTTGGAAATA AGTGAAGAAA 

3421 AACTGGATAT ATATTCAAGA AOOTTATCTC AJGAA^ CGAGAGCATA CCAGCACTCA 
3481 TTAACGAAGA AGACTTAAAG GA^CCTTT £^ CAGCTTAATT OTTCTGCTAA 

3541 CTACATOGAA CACATACCCT ^ATATTA CTGTCCACAA ^^^^ cTCTGGCTCC 
3601 TTTGGTGC77T AGTAATTTTT CTOGCAGAGG TGGCTGCT^ x ^cagcTATC 
3661 TTGGAAACAC TCCTCTTCAA GAC^AAQGGA ATACTACTCA ™ GGAGTAGCCG 
3721 .-CAGTGATTAT CACCAGCACC A^CGTATT JTGlGTTTTA J^^MM, 
3781 ACACCTTCCT TGCTATGGGA TTCTTCAGAG Gj^TACCACT ^^^^ ATGTCAACCC 
3841 TCTCGAAAAT TITACACCAC AAAA^TTAC CAAAGATATA GCAATTTTGG 

3901 TCAACACGTT CAAAGCAGGT ^AT^TTA OTTATTAATT GTGATTGGAG 

3961 ATGACCTTCT GCCICTTACC ATATTTGACT TGC ^ C },^G CCAGTOATAG 

4021 CTATAGCAGT TCTCGCAG1T TTACAACCCT £^ ACAGCAACTC AAACAACTCG 

4081 TGGCTTTTAT TATGTTGAGA GCATATTTCC JCCAAACCTC ^ GGACTATGGA 

.4141 AATCTGAAGG CAGGAGTCCA ATTTTCACTC MJJ^^ GTTCCACAAA GCTCTGAATT 
4201 CACTTCGTGC CTTCGGACGG CAGOCTTACT TTCAAACTCT ^TGAGAATAG 
4261 "TACATACTGC CAACTGGTIC TTGTACCTOT CAA^ACT^ t ^^ crprJ< aCAACAGGAG 
4321 AAATGAtTTT TGTCATCTTC TTCATTGCTG £££££ qaATATCATG AGTACATTGC 
4381 AAGGAGAAGG AAGAGTTGGT ^TCCTGA <££££g COGA0CTGTO AGCCGACTCT 
4441 AGTCGGCTGT AAACTCCAGC ATAGATCTGG ATAGCTTGAT CCATACAAGA 
' 4501 TTAAGTTCAT TCACATCCCA ACAGAAGOTA AACCTACCAA <£g^ GATGACATCT 
4561 ATGGCCAACT CTCGAAAGTT ATGA^ATT| J^J^^ aS^TACACA GAAGGTGGAA 
4621 GGCCCTCAGG GGGCCAAATG ACTGTCAAAG ATCTCACA^ CCAGACGGTG OGCCTCTTCG 
4681 ATGCCATATT AGAGAACATT ^CTTCTCAA TAAGTC^ CTGAACACTC 
47.41 GAAGAACTGG ATCAGOGAAG AGTACTTTGT ^ctttgCAA CAGTCGACGA 

4801 AAGGACAAAT CCAGATCCAT ^" Z^ TGGAACATTT AGAAAAAACT 
4861 AAGOCTTTGG AGTGATACCA CMA^ J^Sw AGTTGCAGAT GAGGTICGGC 
4921 TGGATCCCTA TGAACAGTGG AG1CATCAAG AAATATGG^ qaTXjGGGGCT 
4981 TCAGATCTGT CATAGAACAG ^CTGGGA AGCTTC^ TACATCTGTT CTCAGTAAGC 
S041 OTCTCCTAAC CCATGGCCAC AAGCAGTTGA 'gg^&T TCCAGTAACA TACCAAATAA 
S101 CGAAGATCTT GCTGCTTGAT GAACCCAGTG J^^. ^rKl^T CAACACAGGA 
5161 TTAGAAGAAC TCTAAAACAA GCATTTG^G ATTGCA^^ crrocCGCAGT 
S221 TAGAAGCAAT GCTGGAATGC CAACAATTTr TGG 
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Nudeotide Sequence Analysis (cont) 

^..^..n, OOAOCCTCTT CCCGCAAGCC ATCAOCCCCT 
S281 AQOATTCCAT CCAOAAACTQ CTOXACGAOA CTGCAAOTCT AAGCCCCAGA 

5341 CCGACAGGGT GAAGCTCTTT CC^ACCGGX ACTCAAGCAA ^^^^ ^ ACA0CAO 
S401 TTGCTGCTCT GAAACACOAQ ACMAAGAXG J»°^»0 AAAJCQTACQ cCTAGGACCC 
5461 CATAAATGTT CACATOGOAC ATTOOCTCAT CgJTTGGW CGCG ^ AX OOTGCTOACO 

5521 GTAATAAAAT CAOSAAATXO SodAGTOTO GCOCTAXXCX TATTAGGAAC 

SSSl.TACGATGAGA CCCOCACCAO GTO^CACCC ^OOAGTOTU cetera 
S641 CAGCCTGTGA TGCTGGATGT ^CCCMOAO CTGAOH^ GAGGTACTGA AATGTGTGOG 
5701 ACCCtSOCCTO AG1TTOGCTC TAG^ATGAA »£ACAOA^ TTOTATCTCT 
5761 CGTGGCTTAA GGGTGGGAAA GAATATATAA GAAGCATTOT CACCTCATAT 

5S21 mtSCAGCAO COGOCCCCAT O^CCAXC ATGTGATCGG CTCCAGCATO 

5881 TTGACAACGC GCATCCC^C CCTACGAOAC OGTGTCTQGA 

5941 CATOGTCGCC COGTCCTGCC OCCAAACTCT CTCCAGCCAC CGCCCGCGQG 

6001 ACGGCCMTGG A GACTOC AQC «COGCOOOC ^CAGCO* J^^^ ccgttcaTCC 
606! ATTGTGACTQ ACTTTOCTTT CCTOACCCM £^TIGAC CCGGGAACTT 

■6121. GCCCGCGATG ACAAGTTGAC ^AATTBB ^^^^ CAAGGCTTCC 

6181 AATCTOGTTT CXCAGCAGCT GTTCCATC£ SSSSoO ATTTTGATCA. 

6241 TCCCCTCCCA ATC^GTTTA AAACATAAAT ccocTAGCCC CGCGACCACC 

6301 AGCAAGTOTC ™CCTOTCXT S^AGGAC GTOOTAAACO TGACTCTQGA 

■6361 GGTCTCGGTC GTTOAGGGXC CTCTCTATTT GTAGCACCAC TGCAGAGCTT 

6421 TGTTCAGATA CATGGGCATA ACCCCGTCTC CGA^GCTCG GCCTCGTGCC 

6481 CATGCIOCOa GGTGGTOTO TAGATCATCC AGT^TAG^ CCCCTICGTC TAAOTCTTTA 
6541 TAAAAATCTC -ITTCAGTAGC AAGCTCATTS CAGATCCATC TTGOACTGTA 

6601 CAAAGCGGTT AACCT^GAT O^TOCATAC ££££££ SgSw TCCAGAAOCA 
6661 UTTXAGGTT GCCTATCTTC CCACCCATAT TAGCTTAGAA GGAAATGCCT 

6721 CCAGCACACT GTATCCGGTO CACTTGOGAA J«TCTCATO ^ ^^tcA 

6781 GGAAGAACTT GGAGACOCCC ««TOACCTC ejJJJJJJg TCTGGGATCA CTAACCTCAT 
. 6841 TQGCAATGGG CCCACGGGCG GCO^CTMG ^JASMATT AAAGCGCOGG CGGAGCGTGC 
6901 AGTTGTGTTC CAOQATGAGA TCGTCATAGG CCATTTTTAC CAGATTTGCA 
6961 CACACTOOGO TATAATGGTT OCATCCGGCC. CMgGGO^ CTGCCCGCOG ATGAAGAAAA 
7021 TTICCCAOCC TrTGAGTTCA GATGOOGOGA TCA^^ CTTCCTGAGC AGCTCCCACT 
7081 .CCGTTTCCGG GGtAGGGGAG ATCAGCTOGG WJJ^CGG CTGCAACTGG TAGTTAACAG 
7141 TACCGCAGCC GGTGGGCCCG TAAATCACAC CTATTA^GO ^^cr? 
7201 AGCTGCAGCT GCCGTCATCC CTGAGCAGGG ccCCAGCGAT AGCAGITCTT 

7261 GCATGTTTTC CCTCACCAAA TGCGCCAGAA CTXTTGAGCG 
7321 GCAAGGAAGC AAAGTTTTTC AACGCTTTGA GTGCTCTAOG GCATCTCGAT 

7381 TITGACCAAG CAG1TCCAGG OGGTCCCACA CTCTACGGCA GTAGTCGGTG 

7441 CCAGCATATC TCCTCGITTTC GOGGCTTCGG ^^CCC AGGGTCCTCG TCAGCGTAGT 
7501 CTCGTCCAGA CGGGCCAGGG TCATGTCXTT CCCAGGGTCC GCTTGAGGCT 

7561 CTCGGTCACG GTGAAGGGGT- «CGCTCCGGG CTGCGCC^ GCGTCXK3CCA GGTACCATTT 
. 7621 GGTCCTGCTG GTGCTCAAGC GCTCCCGMC JTOOCC^ -j^gcGCGCA GCTTCCCCTT 
7681 GACCATGGTG TCATAGTCCA GCCCCTCCGC CCGTACAGCT OGGGCGCGAG 

7741 GGAGGAGGOG CCGCACGAGG GGCAGTGCAG ACTTTTA^ CCGCAGACGG TCTCCCATTC 

7801 aaataccgat tccogggagt aggcatccgc gccgcaggc GGTrrcccc ^TCcrrrrr 

7861 CACGAGCCAG GTGAGCTCTG GCCCTTCGGG GTCAAAAA ^^^^^ CGAAAAGGCT 
• 7921 GATGCGTTTC TTACCTCTGG TTTCCATGAG C^OTGTC^ CGCGGTCCTC 
7981 GTCCGTGTCC CCGTATACAG ACTTGAGAGG CCTGTCCT^ CAQGCCJi GCACGAAGGA 
8041 CTCGTATAGA AACTCGGACC ACTCTGAGAC eAMGCTCGO ^CAGGGTCTG 
8101 GGCTAAGTCG GAGGGOTAGC GGTCG^GTC CACTAGGG^ QGTrrATAfiG TGTAGGCCAC 
8161 AACACACATO TCGCCCTCW ^^CAA^ AAATOGGCTC GGGGCGCOTT CGTCCTCACT 
8221 GTCACCGGGT CTTCCTCAAO GGGG^TATA AAAOGGO^ GAGTACTCCC TCTCAAAAGC 
6281 CTCTTCCGCA TCGCTGTCTG CGAGGGCCAG CTGTO^ GAGGAGGATT TGAT ATTCA C 
8341 GGGCATGACT TCTGCGCTAA ^"^T ^^CCATC TGGTCAGAAA AQACAATCTT 
8401 CTGGCCCGCG GTGATGCCTT TGA^GTGGC ^GTCC^ AcrrCCC GAT 
8461 TTTGTTGTCA AGCTTGGTGG CAAACGACCC °^^ c ttoGCCCCGA TCTTTAGCTG 
8521 GGAGCGCAGG GTTTGGTTTT TGTCGCGATC GTCGW:CCT CCTCGGGCAC 

8581 CACGTATTCG CGCGCAACG.C ACCCCCATTC TCAACGCTGG TGGCTACCTC 

8641 CAGG-TOCACG CGCCAACCGC GGTTGTCCAC GGTCA 



PCT/US93/H667 

WO 94/12649 

-87- 

Nudeotf de Sequence Analysis (cont) 

8701 TCCGCGTAGO CCCTCGTTGG TOOOCAGAO GCOGCOTCCC TTTCgGXXC JJ^JJggg 
8761 TAGTGGGTCT ACCTCCGTCT CGTCCOGOOG SSJcT GCIGCCATCC 

8821 CACOCGCCCO TOGAAG^GT CgglTOCJ JSoGOA CCCCATOGCA TG&GGTGGGT 
8881 GOGGGOGGCA AOCGOGCGCP ^iixIceTAC AGGGGCTCW TGAGTATTCC 

8941 GAGCGCGGAG GOHaCXTCC ~CAAAWTC CTAAACCWJ CGTATAGTTC 
9001 AAGATATCTA GGGXAfiCMC ^AOOOM ?ATCCTO^ gCGGGCTCCT CTCCTCGOAA 
9061 GTCCOAGGGA GCGAGOAGGT OGOOACOGAO CTTOGACGCT GGAAGACGTT 

9121 GACTATCTGC CXCAAOATCO CA^SAOIT "gg^G GAGGCGTAGO AQTOGCGCAG 
9181 OAAGCTCGCS TCTGTGAGAC CTACCGCGTC CACTAGTCCA OCGTTTCCTT 

9241 CMCTO3ACC ACCTCGGCG5 WACCTCCAC TCGCGGTTCA OGACAAACTC 

9301 CATGATGTCA TACTTATCCT CTC^TTTTT TTTCCA^ GCCTCCGXAC OGTAAGAGCC 
9361 TTCGCGGTCT TTCCAGTACT CTTGGATCGG JAACOOGT«i CGGGTAGCGC 
9421 TAGCATGTAG AACTGGTTGA ^CTOGTA CCAAACGTOT CCCTAACCAT 

94.81 GTATGCCTGC «»GCCTICC GGAG^AGGT <ggggxM CCGCCCTCCT CCCACAGCAA 
9541 .GACTTTGAGG TACTGGTAOT TGAA^CAGT J^J^ AAGGTCACAT CGTTGAAAAG 
9601 AAAG1CCGTC CGCTTITTOG AACG^TT AAGGGTOCOG GCACCTCGGA. 

9661 TATCTTTCCC GCGCGAGGCA TAAACTTGCG AAGCCGMGA TCTTCTGGCC 

9721 ACGGTTGTTA ATTACCTGG3 CGGCGAGCAC ^CTCGTOU ^j^^ TrrTAAGTTC 
9781 CAGGATGTAA AGTTCCAAGA AGCGCGGGGT GCCCTTGA^ CACACGG CCC AGTCTGCAAfi 
9841 CTCGTAGGTG AGCTCCTCAG OGGAGCTGAG CCCAXTAGCA TrTGCAOGTG 

9901 ATCAGGGTOS GAAGCGACGA ATGAGCTCCA ^GTCA^ TCCAGTAGAA 
9961 GTOGCGAAAG CTCCTOjAACT GGCGACCTAT AC GGCTAGGT CTCGCGCGGC 

.10021 GGTAAGCGGG TCTTGXTCCC AGCGGTCCCA £CAA«^ ATGAAGGGCA CGACCTCCTT 
10081 GGTCACCAOA GGCTCATCTC OGCCCAACTT GTOACAAAGA «AOCCW»CT 

10141 CCCAAAGCCC CCCATCCAAG ^TAGGTCTC CACCAGTTGG AGGAGTCGCT 

1.0201 GCGAGGATGC GAGCCGATGG GGAAGAACTC ^CTC cACTCGTCCT GGCTTITGTA 
10261 GTT6ATGTQG IGAAAGTAGA AGT^CTGCQ TCCTCCACCA GGTTGACCTG 

10? 21 AAAACGTGCG CAGXACWGC A^TGCAC SSSScC TCGCCKSGCG GGTTKJOCTC 
10381 ACGACCGCGC ACAAGGAAGC AGAGTCGGAA TTTGA«^ GAGTTATGGT 
10441 GTGGTCTTCT ACTTCGGCTG C^GTCCTTG J^^T ^CGCGCGCG GCGGTCGGAG 
10501 GGATCGGACC ACCACGCCGC GCGAGCCCAA JOTCC^A^ .^^^^ cccccgacAG 
10561 CTKSATGACA ACATCGCGCA GATCGGAGCT gj^g^ CTCACGGCGC CGGCTACGTC 
10621- GTCAGGCGGG AGCTCCTGCA GGTTXACCTC GCATAG^ mOT CCAAGACGCC 

10681. CAGGTGATAC CTSATTTCCA G^TCGTT J^g^ TGGGCCGCGG GGGTGTCCTT 
10741 GCATCCCOGC OGCGCCACTA ^*?CGCG Jg^^ GA GGTAGGGG GGGCTCGGGA 
10801 GGATGATGCA TCTAAAAGCG CTGACGCGGG CGGGCAGGAG CTOGTGCTGC 

10861 CCCGCCGGGA CACCGGGCAG ^GCACGTOC TCTCCTGAAT CTCGCGCCTC 

10.921 GCGOGGAGGT TGCTGGCGAA CGCGACGACG COGCGGTTUA AGAATCAATT 
1.0981. TGCCTGAAGA CGACGGGCOC GCTGAGCTTG MCCTGAAA^ CGTCTCCTGA GTTGTCTTGA 
11041 TCGGTGTCGT TGACGGCGGC CTGGCGCAAA ^ GGAGATCTCC GCGTCCGGCT 

11101 TAGGCGATTT OGGCCATGAA CTGCT^ATC «TTCCT^ GAAGGGGTTG 
11161 OGCTCCACGG TOGCCGCGAG CTMTTCGAG *TGCGGec ^^ ftTC gcgggcgCGC 
11221 AGGCCTCCCT CGITCCAGAC GCGGCTGTAG JCCACGCCCC CrTTTCGCAGG 
• 11281 A1GACCACCT GCGCGAGATT CMCTCCACG ^^.^ CCACGAAGAA GTACATAACC 
11341 OGCTCAAAGA GGTAGTTCAG CCTOCTCGCG ^ CAAGGCCCTC CATCGCCTCG 

11401 CAGCGTCGCA ACGTGGATTC GTTG^^ SStGCGCG CCGACACGGT TAACTCCTCC 
11461 TACAAGTCCA CGGCGAAGW ^AACTGG CCCGCTCAAA GGCTACAGGG 

US21 TCCAGAAGAC GGATGAGCTC GGOSACAGTO cttcttcctc TTCTTCTGGC 

11S81 GCCTCTTCTT CTTCAATCTC CTCTTCCATA CCGGGAGGCG GTCGACAAAG 

11641 GGCGGTGGGG GAGGGGGGAC *CGGOGGCGA TGACGGCOCG GCCGTTCTOG 

11701 CGCTCGATCA TCTCCCCGCG G^ACOGCGC TATCGQTTCG CGGGGGGCTG 

11761 CGGGGGCGCA GTTGGAAGAC GCOGCCCGTC JJ^^ ATTGTTGTCT AGGTACTCCG 
11821 CCGTGOGGCA GGGATACGGC GOTAACGATC ^^^^ aaaACCTCTC CAGAAAGCCG 
11881 CCACCGAGGG ACCTGAGCGA GTCCGCATCG ^CC^^ CCCGCOGCAG CGGQTGGCGG 
11941 TCTAACCAGT CACAGTCGCA ^^cTC ATGATCTAAT TAAAGTAGGC GGTCTTGACA 
12001 TCGGGGTTGT TTCTGGCGGA rTOGGTCCGG CCTGCTOAAT GCGCAGGCCC 

12061 CGGCGGATGG TCGACAGAAG CACCA^iV. 
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~™««v«/«*«p caacaooffT ctttctaota gtcttgcatg 

12121 1CCGCCAWC CCCAOGCTTC ^TTTaAC^ ££££££ CTGCATCTCT TGCATCXATC 
12181 ACCCTTTCTX CCGGCACKC "CTTCTCCT Tg>ggg^ TTCClCCCAT OCCTCTG\CC 
12241- GCTACGCCOa CGGC«JAGTT TGOC^AOO camGOGCTC CgSeAATATO 

12301 CCGAAGCCCC TCXTWOCTO ^OCAOGOCC Jgjg^ tcTCCACAAA GCOOrTOCTAT 
12361 GCCTOCTOCA CCTGOOTGAG «^*«00 gSaTAAOCO ACCAGTTAAC OGXCTOCMA 
12421- GOGCCCGTOT TGAT^TGTX AG1GCAOTTO ^CAT^J^ CCCTTGAGTC AAAGACCTAO. 
12461- CCCCCCIOCO AGAGCTCGGT ^JgTCAGA ^JSSa AGTCCGGCGG OGGCTCGOCG 
12S41 TCCTTSCAAG TCOGCAOAG GTACTCATAT GGTCTTCCAA CATAACCCCA 

12601 TAGAGOGGCC ACCGTAGGOT GGCCOOGGCT CGGOOGTOCT OGAGCCCCGC 

12661 TGATATCCGT *^"£CT GOACA^a AAAAGTGCTC CA7GGTCQGO 

12721 OGAAAGTCGC GOACGCGGTT CCAGATO^ ^£cTCT AGACCOTCCA AAAOGACACC 
12761 AOGCTCTGGC CGGTCAGGCG JTOCCACTOG CCAACGGIAT CATGGCCGAC 

12841 CTCTAAGCGC CCACTCTTCC OTKrag ™^TQA T CCATGCGGTT ACCGCCCGCO 
12901 t3ACOGCOCrtT CGAACCCCGG ^gGGAGCG CTCCTTTTGG CTTCCOTCCA 

12961 yCTCGAACCC AGGTCTGCOA CCTCACACAA S^TGGCC GCGCGCGGCG TAAGCGCTTA 
13021 GCCGCGGCGG CTCCTGOOCT AGOTTT^ GCCftCTOGOC 3^ A<mTCCAAG 

13081 GGCTGGAAAG CGAAAGCATT AAOT^CT^ £^cGGC CGCACIGCGC CGAACGGCGG 
13141 <MCTGAGTCG CAGGAOCCCC CCGOAAACAG GGACOAGCCC 

13201 TTTGCCTCCC CCTCATGCAA GAfCCCGOT GCAAATTCCT TCCTCW3CAG 
13261 GrmTTGCT WXCCCAGAT GCATCCGGTG CCCCTTCTCC TACCGCCTCA 

13321 CGGCAACAGC AAOAGCAGCO G ^£*Jg ^SggTO ATTACOAACC CCCGCOCCCC 
13381 GCAGGCGCAA CATCCGCGGC TGXCOCGGCO «ACA^^ TGGC5GCGGCT AGGAGCGCCC 
13441 XMGGCCeGCC ACTACCTGOA COTGGAGGXO «COMOOCC ^^^^ OTACGTSCCG 
iSSOl icTCCXCAGC GACACCCAAG C«~CAGCTO AAGCCTCACA CGATCCAAAC 
13561 CGGCAGAACC TGTTTCG^A COGCOAGGGA ^CCCCG 

13621 MCCACGCAG GCCGCG^T GCOGCATGGC gcgcacACGT GGCGOCCGCC 

13*81 GACITO3AGC <?cgacgoccg gaccg^act TTAACTWCA AAAAAGCTTT 

13741 GACCTGGTAA COGCGTACCA ^GAOGOTG JJO^^ ^^CGACX CATGCATCTG 
13801. AACAACCAOG TGCGCACGCT TGT^CGCGC CAO^JG^ AGCCGC1CAT CGCGCAGCTC 
13861 TGGGACTTTG TAAGCGCGCT GGAGCAAAAC OGGATGOGCT GCTAAACATA 

13921 TTCCTTATAG TGCAGCACAG CAGOGACAAC TTCTGCAGAG CATAGTGGTG 

13981 GTAGAGCCOG AGGGCOGCTG GCTGCTCGAT TTSATAAA^ OTATrc CATGCTCAGT 

14041. CAGGAGCGCA GCTTGAGCCT GGCTGACAA^ S^CCTT ACGTTCCCAT AGACAACGAG 
14101 CTGGGGAAGT TTTACGCCCG CAAGATjl^ X^cAAGG TCCTTACCTT GAGCGACCAC 
14161 GTAAAGATCG AGGGGTTCTA. CATGCGCATC GCGTTCA^ ^ gcggcgcgAG 

14221. CTGGOCOTTT ATCGCAACGA GCGCATCCAC AAOGCCGTO GGGCAGCGGC 
14281 CTCAGCGACC GCGAGCTGAT GCACAGCCTG CAAAOOG^ ^cCTCGGC CCCAAGCCGA 
14341 GATAGAGAGG CCGAGTCCTA CTTTGACGCG «CGCT^ ,^ ACCC0C GCGCGCTGGC 
14401 CCCGCCCTGG AGGCAGCTGG GOCCGGACCT ACGAGCCAGA GGACCCCGAO 

14461 AACGTCGGCG CCGTGGAGGA ATATGAMAO GACGATCA^ Gca(TTGCCG c 
14521 TACTAAGCGG TGATGTTTCT GATCAGATGA TGCAAGA^ cGACTGGCGC CAGGTCATCC 
14S81 CGGCGCTGCA GAGCCAGCCG TCCGGCCTTA ACTCCACGGA coocAGCAO CCGCAGGCCA 
14641 ACCGCATCAT GTCGCTGACT GCC^AACC CTGATOCC^ CGCA} ^ CCCC AC GCACGAGA 
• 14701 ACCGGCTCTC CGCAATTCTO GAAGCGGTGG ^CGGCGC« ^^o^cca 
14761 AGGTGCTGGC GATCGTAAAC GCGCTGGCCG AAAACAGGGC AACGTGCAGA 
14821 GPCWTCTA CGACGCGCTG CTTCAGOGCG GGCCCAGCGT GAGCGCGCGC 

14881 6CAACCTCGA CCCGCTGGTC CX^GATCTCC c^cTCAGT ACACACCCCG 

14941 AGCAGCAGGG CAACCTGGGC TCCATGGTTG OAOCGCACTG CGGCTAATGG 

1S001 CCAACCTCCC GCGGGGACAG GAGCACTACA ^^GGCC AGACTATTTT TTCCAGACCA 
1S061 TGACTGAGAC ACCGCAAAGT fAGGTGTACC AGTCCGGG^ cAGGGGCTCrr 
15121 GTAGACAAGG CCTGCAGACC GTAAACCTGA ^GG^ -pAGCTTGCTG ACGCCCAACT 
15181 GGGGGGTGCG GGCTCCCACA GGCGACCGOG TCGCAGCGTC TCeCGOGACA 

15241 CGCGCCTGTT GCTCCTGCTA ^AGCCCCCT AGGTCAGGCG CATGTGGACG 

15301 catacctagg tcacttgcto acactgtacc gcgaggc^ occocacgag GACACGGGCA 

15361 AGCATACTTT CCAGGAGATT ACAAGTGTCA gc^aagatC CCCTCGTTGC 

1S421 GCCTGGAGGC AACCCTGAAC TACCTGCTGA CCAGCAGAGC GTGAGCCTTA 

1S481 ACAGTTTAAA CAGCGAGGAG GAGCGCATCT ^ 
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15541 Accra^ cgao^ggta aogcccagcg mooog catcaccccc gegcgaa 

1S601 AACOGGGCAT GTATQCCTCA AACCGGCCGT CTTCAACCCG CACTCCCTAC 

.15661 GCGCGOCCGC CGTCAACCCC OXCTMTTCA CCAATCCCAT Jg™^, ^^CTCr 
1S721 CGCCCCCTOQ TTTCTACACC CGOGOAMTO ^CC^ CACCCOCCTA CAGTTCCAAC 
15781 GGGACGACAT AGAGOACAGC OTC1TXTCCC COCW^COCA AGCAGCTTCT 
15841 AGCGCOAGCA GGCAGAOGCO «^GCGAA AGGJAJGCXT COGCAGG^ 
15901 CCGATCTAOO CGCTCCOGCC CCCOOSTCW co^GOAC GAGTACCTAA 

15961 GGTCITTTAC CAGCACTOGC ACCACCCCCC TCCGGCATTT CCCAACAAOO 

16021 ACAACTCGCT CCTGC^CO CAG^CGAAA AGA^CTCCC ^^^^ ^s^^ 
16081 GGATAGAGAG CCTAGTPOAC AAOATGMTA GATW**^ ^3^3 CGGCGTCTGG 
16141 ATClCCCCCG CCCCCGCO^ COCAC^CTC GTCAAAGGCA ^^^^^ ggoagtogcA 
16201 TGTGGGAGGA CCATCACTM CCAGAOOftCA OTAAAAAAA A AAAAAAAAAG 

16261 ACCCGTITGC CCACCTTCGC CCCA^TCO OgGAA^ ^^^^ tocTTOTATT 
16321 CATGATCCAA AATAAAAAAC TCAC^AOGC CTCCTCCCTC CTACOAGAGC 

16381 CCCCTTAGTA TGCAGCGCGC OOCGXTCTAT ££££££ ccTTC GATCC TCCCCTOGAC 
16441 GTCGTGAGCG COGOGCCAOT GGCGGCCGCO GGAGAAACAG 1 CATCCGTTAC 

16S01 CCGCCGTTTG TCCCTCCGCO ^CCTGCGG TTGTGGACAA CAAGTCAAOG 

16S61 OCTGAGTTGG CACCCCTATT ^ACCACC «TCTGTA TTCTAACCAC GGTCATTCAA 
16621 CATCMGCAT CCCTGAACTA CpACAACGAC J*^*^ TCAATCTTCA CGACCGTTOG 
16681 AACAATGACT ACAGCCCGGG ^GCAAGC ^CAGAC ^^CCAAA^T GAACGAGTTC 
16741 CACTQGGGCG GOGACCTCAA ^CATOCTO CATAC«*^ GCTCGCTTAC TAAGGACAAA 
16801 ATOTITACCA ATAAGTTTAA £5S~CCTGC CCGAGGGCAA CIACTCCGAG 

16861 CAGCTOGAGC TCAAATATCA GTGGOTOaAa TTCACG^IVC AGTGGGCAGC 
16921 ACCATGACCA TAGACCTTA3P ^AACGCG ACACCCGCAA CTTCAGACTG 

16981 GACAACGGGG TOCTGGAAAG CGACATOGGO ATACAAAC GA AOCCTTCCAT 

17041 GOGTTTGACC CAGTCACTGG ^TIGTCATC CCTOGGGT^ ^c^cce CCTCAGCAAC 
17101 CCACACATCA TTrTGCTCCC AGGATCCGCG TTAGGATCAC CTACGATGAC 

mei TKSTTGGGCA TCCCCAAGCG GCAACCCTTC g^CGB^ CCAGGC AAGCTTAAAA 
17221 CTGGAGOGTG GTAACATTCC CGCACTGTTG GJTCTG^ ftCAACAGTGG CAGCGGCGCG 
17281 -GATGACACOG AACAOGGCGG GG»A TGGAGGACAT GAACGATCAT 

17341 GAAGAGAACT CCAACGCGGC AGCCGCGGCA JTCCA^^ AGCGC GCTCA OGCCGAGGCA 
17401 GCCATTCGCG CCGACACCTP TGCCACACGG GCGCA^A Qcc ^ ^^CCG 

17461 GCGGCAGAAO CTCCCGCCCC CGCTGCGCAA ^GAGSTW AAGCAATGAC 
17521 GTGATCAAAC CCCTCACAGA ^^A^AAG AAACGCAGTT JgJ£^ c^^cc 
17581 AGCACCTICA CCCAGTACCG CAGCTCGTAC CTTOCAJACA ^^ CGGCtc ^ccagctc 
17641 GGGATCCGCT CATGGACCCT CClTTCCACT CCTGACGTAA CGCTCCAC ^occagatc 
17701 TACTGGTCCT TGCCAGACAT GATGCAAGAC CC^TGA^ XCTCCAAGAG CTTCTACAAC 
17761 AGCAACTTTC CGOTGGTGOG CGCCG^ SSSaCCT C1CKSACCCA OGTGTTCAAT 

17821 gaccaggccg tctactccca g^atcc^ SSSgccc CCACCATCAC CACCGTCAGT 

17831 CGCTTTCCCG AGAACCACAT TTTGGCGCGC CCGCCA^ tccgcAACAC CATCGCAGGA 
17941 GAAAAOGTTC CTGCTCTCAC AGATCACGGG ^CGCTACC^ ^^^0^ TTACAAGGCC 
18001 GTCCAGOGAG TCACCATTAC ^^f^^ AGCCGCACTT TTIGACCAAA CATCTCCATC 
18061 CTGGGCATAG TCTCGCCGCG CGTCCTATCG £££££ JScAAGCAA GATGTTTGGC 
18121' CTTATATCGC CCAGCAATAA CACA^TGG «CCTGC^ GCaaacx< ^ t< cCGCCCGCCC 
. 18181 GGGGCAAAGA AGCGCTCCGA CCAACACCCA TCGATGACGC CACTGACGCG 

W241 TGGGGCGCGC ACAA*CG6CG COGCACTGGG CAGTGTCCAC AGTCGACGCG 

18301 GTGGTGGAGG AGGCGCCCAA CTACACGCCC JOCCCGC^ ^^^o ACGGCGGAGG 
183 61 GCCA1TCAGA CCGTGGTGCG CGGAGCCCGG CGTT^ CC GAACGCGC GGCGGCGGCC 
18421 CGCGTAGCAC GTCGCCACCG CCGCCGACCC tccgGGCCGC TCGAAGOCTG 

18481 CTCCTTAACC GCGCACGTCG ^CGGOCGA CO^GG^A GAGCGGCCGC CGCAGCAGCC 
18S41 GCCGCGGGTA TTGTCACTGT GCCCCCCAGG tcTACTGGGT GCGCGACTCG 

18601 GCGGCCATTA GTGCTATGAC TCAGGGTCGC GCAACTAGAT TGCAAGAAAA 

18661 GTTAGOGGCC TCCGCGTGCC CGTGCGCACC COCTCCg^ CQa( ^ CGCAA CGAAGCTATG 
18721 AACTACTTAG ACTCGTACTG TTGTA^ «^TCG CGCCGGACAT CTATGGCCCC 
18781 TCCAAGCGCA AAATCAAAGA ^^S^ SaAAGCTAA AGCGGGTCAA AAACAAAAAG 
18841 CCGAAGAAGG AAGAGCAGGA "^^^ GAGGTCGAAC TCCIGCACCC AACCGCGCCC 
189 01 AAAGATCATC ATGATCATCA ACTTGACGAC GAGGTGGAA 
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18961 fSJGCOOCGGQ TACAGTCGAX AOCT^ACGC aSSSS SaSaSS 

S021 GTAffmrrX cgccccgtga ccgctccacc cgcacc^ca tgcctaccca 

SoM SScGCGAOG AGGACCTGCT TCAGCAGGCC AACGA^CC «^^ c aCCTAGCCTA 
Sill SgOWCATA AGGACATQTT ^CGWGCCS «OGAOCAC0 AAAGCGCGGC 
SSl AAGCCCCTCA CACTGCAGCA QGTOCTCCCC j^gTTOCAG ^^^^ CAAGCGCCAG 
SSl CTAAAGCGCG AOTCTGGTGA CTTCGCACCC ACWTGCAGC coftcaxccGC 
Ss" SaCTGGAAO ATCTCTTOGA AAAAATCACC ^GAOOCTO caJ1GGA CGTTCACATA 
Sail GTCCQGCCAA TCAAGCAC3GT CGCAC<»GGA gcATCGACAC ACAAACGTCC 

"4 41 CCCACCACCA CTAGCACTAG TATW^ACT CCGCTCCCGC CGCCTCCAAA 

19501 CCGCTKSCCT CGGOCCTOCC ttjcAGCCCC CCGGOGCCOO 

19561 ACCTCTACGG AGGTGCAAAC ^CCCTTGG ^JJ^ CCGAATATCC CCTACATCCT 
Sin CGCCGTieCA GGAAGTACGG CACCGOAGC G ^^ A £. G<xxxy tf 1A AO ACGAGCGACT 
19681 TCCATCGOGC CTACCCCCGG CTATCCT^C TACACC^ gccGTXX^CA (SCCCGTOCTG 
19741 ACCOGACGCC GAACCACCAC TOGAACCMC "CCGCCGTC CCTQGT GCTGCCAACA 

19801 GCCCCGATTT CCGTGCGCAO GGTGGCTCCC GAACGA^ ^j^riGC AGATATGGCC 
Ss61 GCGCGCTACC ACCCCAGCAT CGmAAAAG COCCTCTTTB CCGTAGGACXS 
19921 C1CACCOTCC GCCTCCGl^ CCMGWCW CGCACCACCG GCGOCGG^C 

19981 GGCAOTGCCG GCCACGGCCT CACGGGOSCC £££^ c TTATTCCACT GATCGCCGCG 
20041 GCGTCGCACC (STCfiCATGCO CGG^OTATC AGGCGCAGWS ACACTGATTA 

20101 GCGATTCGCG CCGTCCCCGG E55c» OAGTCTCACO CWflCOTGGT 

20161 AAAACAAGTT GCATC^AA. AAATCAAAAT AAAAAGT^ ^^^^ CCCOACACG^ 
20221 CCTGTAACTA TmCTAGAA TGGAAGACAT ££££aCC AG cAATATGA GCCCTGGCGC 
20281 CTCGCGCCOG TTCATCGGAA ^CTGCCAAGA ™Z££lC ajrrccACCA ™ACAACTA 
20341 CTTCAGCTGG GGCTCGCTGT GGAGCGGCAT ^T^jq aGGGACAAGT TGAAAGAGCA 

20401 tggcagcaag gcctcgaaca gcaccacagg ccag^^ amagCGGOG toctogacct 

20461 MMWCM CAAAAGGTOG TAGATGCCCT ^CCTCTGGC ^ ^ CTCCCGTAOA 
• ggx SSScCAO GCAGTGCAAA ATAAGACTAA CGTGGOGAAA AGCG*CCGOG 

20581 GGAGCCTCCA CCGGCCGTQG AGACA=^ ScATCAG CCTCCCTCGT ACGASGAGGC 
20641 GCCCGACAGG GAAGAAACTC TOCT5ACGCA Jg^^. aTCGCTACCG GAGTGCTGOG 
20701- ACTAAAGCAA GGCCTGCCCA CCACCCCTCC CWCW^ CAC ACCCAGC AGAAACCTCT 
IVlll JSSSSi CCWTAACGC ^CTGCC TCCCOCOJCT ccC<xcrccc TOCOC^GC 
20821 GCTGCCAGGG CCGTCCCCCG TTCT^TAAC AACTGGCAAA GCACACTGAA 

lolsi OGCCAGCGGT CCCCGATCGA TGCGJCCCGT J^J^ CGATCCTCCT AAATAGCTAA 
20941 CAGCATCGTG CGTCTGGGGG TGCAATCCCT AGGAGCTOCT GAGCOCCCGT 

2!£ S?ScGTAT CTGTCATGTA ^GTCCATG JCGC^ CAGTGGTCTT ACATGCACAT 
21061 GCGCCCCCOT TCCAAGATGG CTA^CCTTC °*™%CGCK CTGCAGTTTG CCCGCGCCAC 
^1??1CTCGGGCCAG GACGCCTCGG AGTACCTGAG CCCCGW^i ^jq^c CTACGCACCA 
SSI SSSSc n^AGCCTaA ATAACAACTT TAGAAA^CC JCGG^ A^GOGAOGA 
21241 CGTAACCACA GACCGGTCCC AGO«^«AC GGTGACAACC GTGTGCTTGA 

tACCGCGTAC ^ACAAAO C£««£AC OCTGGCTGTG agoqgqc CTTTTJAGCC 
21361 TATGGCTTCC ACGTACTTTG A »^°^ TCCCAAGGCC GCTCCTAACP CCTGTGAGTG 
21421 CTACTCCGGC ACTCCCTACA ACCCTCTAGC TCCCAA^. kaG AAGATGAAGA 

^!ei Saacaaacc gaagatagcg gccggg^gt cctactaaga aaacacatot 

• 01S41 1GAAGAAGAG GAAGAAGAAG AGCAAAAOGC AGCGG GCTAC AAATAGGATC 

fjfl ^ScAG GGTCCI^GT CTGGAGAAAC ^^JJJ JS^CTAIC AACCAGAACC 
21661 AGACAATGCA GAAACACAAG CTAAACCTGT Al^^^^^ CCCGCAGGAG CWAGAGTCCT 
Hill ^AAATTCGC CAATCTCAGT OGAACGAAGC ^ATGCTAAT CC ^ c^TCCTTT 

2^81 ^SaAAACA ACTCCCATCA AACCATGCTA ^GMCWAT AGGTOGACTT 
^1" TQGTGGTCAA OCCO^CTOG TTCCGCATOA 

21901 GCAATTCTTC TCAAATACTA CCTCTTT^A A CACACACATC ^GTCTTACAA 

OK5C1 wrrGGTTTTG TACAGTGAAG ATGTAAAi^ #t»»tv-;ttQCCT CAACAATCTA TCCCAAACAG 
2202 SSSSa GG^ATOAAA ATTCTAAAGC TATGTTGOGr ACAGCACTGG 
^ftAI XCCCAATTAC ATTGCTITCA GGGACAATTT JTAi GC CGTGGTAG ATTTGCAAGA 

22 !S Jaaca^SSt gttcttgctg SS^c Sagc^ata g^ccagata 

22201 CAGAAACACA GAGCTGTCCT ATCAACTCTT ^ gaTGTTAGAA TCATTGAAAA 

22265 TTTTTCTATG T^AATCAGG CTGTAGACA, c^OGGGTA TICCGCTAAC 

22321 CCATGGAACT GAGGATCAAT TGCCAAATTA 
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mnrvirrcX GOCGATAATO GAGA3CACTAC 
22381 TGACACCTAT CAAGCTATTA AGGCTAATGG £A*T«K^ ^^octa ACAACTITGC 
22441 ATGCACAAAA GATCAAACCT TTGCAACACO TAATOAA^ cmACTCCA ATATTGOOCT 
22501 CATGGAAATT AACCTAAATG CCXA«T^? SS^SS GAAATATCTG SEAACCCCAA 
§2561 CTACCMCCA GACAACCTAA AATACAACCC CACCAATOTO ^^^^ cctACATTAA 
22621 CAeCTACGAC TACATCAACA AGCGACTCGT G°CTCCOGGO ^aeccxm ACCACCACCO 

^fiai ccttggogcg cgctogtctc tcoactacat ggacaa^^ oceoecTAca tcccctttca 

^^^C CICCOWATTC CCTCCATCT* ^CCTCCTOC CAGGCTCATA 

^loi SS^A^TO CCCCAAAAGT •rTTTTCCCAT TAAAAACCTC crcTCGOAAA 
22861 TACATATOAA TGGAACTTCA GOAA02ATGT TAACAT^A ^^c^rr aCGCCACCTT 
22S21 CGATCTTAGA GTTOACOGCG CTAGCATTAA GT^ACAGC ATOACAOC AA 
22981 CTTCCCCATG GCCCACAACA CGOCCTOCAC gJ^ATO CTATACCCCA TACC^CCAA 
23041 CGACCAGTCC TTTAATGACT ACCTTTCC^ GCAGCAITTC CCGGTTGGGC 

23101 CGCCACCAAC GTGCCCATCT «A^C^S ^SStGGGA TCAGGCTACG ACCCTTACTA 
23161 CTTCACACGC TTGAAGACAA AOGAAACCCC TTCCCTU^ TATCrrAATC ACACCTPTAA 
23221 CACCTACTCT <*CTCCAT*C CATACC^CA £££££ OGCAACOACC GCCTGCTTAC 
23281 CAAOGTCCCC ATTACCTTTG ACTCCTCTCT cgCTACAACC TAGCTCAGTG 

9M41-'«XCAJ«e*> tttoagatta AACGCTCAGT ^ a ^Xgc C aactacaata ttggctacca 
234di Sacatcacc aaggactcct tcctggtcca °^gttoocc oaaacttc ca 

£«* SSlCTAC ATICCAGAAA GCTACAAMA JSS CACTATCAGC AGGTTOOAAT 
„S21 CCCCATGAGC CGGCAAGTOG T1GACCATAC ^ CCTCCCACCA TCCGCQAGGG 

StcACCAG CATAACAACT CAOOATXOSX AAAACCGCGG nTOACAGTAT 

„>at icAGGCITAC CCCOCCAACO TGCCCTACCC ACTAA^^ ATCCCATTCT CCAGTAACTT 

23?!i SSaSaa aagtttcttt gcgatcccac cctttooocc m ^ ACTca3CCCX 

23761 ^TOOCCAOC OGCGCACTCA CAGACCTCOG gJJJJ^ CCCACCCTTC TTTAWWTT 
23621 CGCGCTAGAC ATGACTTTTG AGGTGGATCC CATGGAOU^ ^^^^ TCGAGACCGT 
Hill SaAGTC TTOCACCTOa ^CGIGTGCA SaMCAAGC AAGCAACATC 

23941 CTACCTCCCC ACGCCCTTCT CGGCOGGCAA CGJCACAACA TCAAAGATCT 
llotl S^ACACCT GCCGCCATGG CCTCCAGTOA OTICCAG^ ^^TCC 

24061 TCGTTCTGCG CCATATtTTT TGGGCACCTA ^^^^ GAGACTCGGG GOGTACACTG 
24121 ACACAAGCTC GCCTCCGCCA TAGTCAATAC "^^^^ crcrrpSAGC CCTTTGGCTT 

^gccttt gcctccaacc cgogctcaaa ^atgctac tccgccctag 

TTCTGACCAA CGACTCAAGC AGGTTTACCA GTTTeAOTAC AAAGCGTCCA 
Itltl ScSrlGCT .TCTTCCCC^ ACOGCTeTAT JACGCTOGAA .^^^ CCT^GCCAA 
24361- GGGGCCCAAC TCGGCCGCCT GT«ACTATT c crrATTACCG GGGTACCCAA 

24421 CTOGCCCCAA ACTCCCATGG ATCACAACCC cgcaACCAGG AACAGCTCTA 

•>4^«1 c-reCATGCTT AACAOTCCCC AGCXACAGCt AGTGCGCAGA TTAGCAGCGC 

2 5^ OAGCGCCACT CGCCCTA«J CCGCACC^ ^SXgGAGAC *CTTTCAATA 

34601 CACTTCTTTT TOTCACTTGA AAAACATGTA AA^*^ TACCCCCCAC CCITGCCGTC 
lilll AAOGCAAATC TTTTTATXTG TACACWCO S?!^^ TATGCCCCAC TGGCAGGGAC 
Itlll "TGCGCCGTTT AAAAATCAAA GGGGTTCTGC CGCOCATOGC CCCCGGCAGC 

llnli aS^gcgat actggtgttt agtcc^cac ^J^^ accccittag caggtcgggc 
24841 icggtcaagt tttcactcca caggctccgc cgcccgagtt gcgatacaca 

24901 GCCGATATCT TGAAGTCGCA ^TOGGGCCT CGCTOGCCAG CACGCTCTTG 

' tils! GGGTIGCAGC ACTGGAACAC TATCAGCGCC (JOGCCAACGG AGTCAACTTT 

2^021 Sg^ScA GATCCGCCTC CAGGTCCTCC ^g^J S^CTC GCACCGTAGT 
liJSi ^A^TC- TICCCAAAAA ^TGCATCC ACAGCGCCTG CATGAAAGCC 

^141 GGCATCAGAA GGTGACCGTG CCCGGTCW^ ^"^^g agaAGAACAT GCCGCAAGAC 

Hill SS?Sgct taaaagccac ctgagccttt ^gccttcag tgcgtcggtg 

lllSi S^GAAA ACTGATTGGC CGGACAGGCC GCGTCATGCA tKrSGGC CTTGCTAGAC 

2"" Sgagatct gcaccacatt tcggocccac cgottcttca TrJCAAT cacgtgctcc 
^38i ^^cttca gcgcgccctc ccccttitcg ctcg^J^ cttcgatctc agcgcagcgg 

SStATCA TAATCCTCCC GTGTAGACAC AGGTTACCTC TGCAAACGAC 

,«01 TGCAGCCACA ACGCCCACCC CGTGGGCTCG TGGT£iru^ A<jGTCTK nT GCTGGTGAAG 
2ls6i SSg^ACG CCTCCAGGAA TCGCCCCATC ^TACGGC CGCCAGAGCT 

lllll ^SgCTGCA ACCCGCGGTG CTCCTCGT1T ^CAGGTCT CTGGTACTTC 
Hilt S CAGGCAGTAC C^GAAG^ ^ CAGACACOAT CGGCAGGCTC 
2S741 TCCATCAACG CGCGCCCAGC CTCCAiv,v. 
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2SB0X AGOGGGTTTA ICACCCTGCT TTCACTTTCC OCTTCACTOO ACTCTTCCTT TTCCTMTGC 
2S861 GTCCGCATAC CCCCCGCCAC TGGGTCGTCT TCATTCAGCC GCCGCACCGT CCOCTTACCT 
25921 CCCTTOCCGT GCTTGATTAG CACOO0TGO0 TTCCTCAAAC CCKCCXJTTO T^CCCCACA 
25981 TCTTCTCTTT CTTCCtCCCT CTCCAOGATC ACCTCTOCCG ATCGOGOGCG ^CGCGCTTC 
26041 GGAGAGGGGC CCTTCTTTTT CTTTTtCGAC GCAATOGCCA AATCCCCCGT OCAOCTOCAT 
26101 GGCCGCGGGC IOGGTOTGOO COGCACCAGC GCATCTTGT3 ACCAMCTTC WCOTCCTCO 
26161 OACTCC*3AC GCCGCCTCAC CCCCTTTTTT CGOOGCCCGC OOGOAGGCOO COGCGACGCC 

lllll SSSSoS aScotcctc Stoqwboi ccacciogoo coccxcccco tcccocctog 

26281 SSSSxTT CCCCCTG«C CTCTTCCCCA CTGCCCATTT CCWCTCCTA TAGCCAGAAA 
S SS StCAGTCCA CAAGGAGOAC AGCCTAACCG ecCCCTTICA. CTOOGCCACC 
Ifttl A^C^SoCA TOCATcSgC CAAOGCGCCT ACCACCITCC CCGTCGAGCC ACCCCCGCTT 
ltV£ ^S^S^C AAGTCATTAT CGAGCAGGAC CCAGGTOTTO TAAOCCAAGA CGACOAGOAT 
lltll C^cS TAAAAAGCAA GACCAGCACG A^CAOACGC AAAOCAGGAA 

26581 ^CTCfiGGC GGGGGGACCA AAGGCATCGC. GACTACCTAC ATCTOGGAGA CCACCTOC0XS 

f££ SgSSSS SS^S Sccgccatt atctccgacg cgt^caaga ccccaccoat 

fyrov-CCTCC CCATAGCGGA TOTCACCCTT GCCTAOQAAC CCCACCTCTT CTCACCGOCC 

a^SSS SaSgcaca 1GCGAGCCCA accccojcct caacttctac 

26821 CCCGTATTTC CCGTGCCACA GGTCCTTGCC ACCTATCACA TMTTTTCCA AAACTCCAAG 
2l2li SSSSS SSStGC CAACCCCAGC CGAGCGGACA ACCACCTGOC CTICCOC^fi 
26941 GGCGCTGTCA TACCTCATAT CGCC7CCCTC GACGAAGTGC CAAAAATCTT TOAOGGTCTT 
27O.01 GGACGCGACG AGAAACGCGC OGCAAACGCT CTCCAACAAO AAAACAGCGA AAJ^AACT 
27061 CACTCTGGAG TCCTCGTCGA ACTTGAGGGT GACAAOGCGC CCCTAGCCCT GCTCAAACGC f : 
27121 ASCATCGAGG TCACCCACTT TGCCTACCCG GCACTTAACC ^CCCCCAA ^T^CACC 
.27i81.ACAGlCA-raA GCGAGCTCAT CGTGCGCCGT GCACGACCCC ™GMAGGCA TGCAAACTTC 
?7241 CAAGAAGAAA CCGAGGAOGG CCTACCCGCA 6TTCGCGATC AGCAGCTCGC GCGCTCGCTT 
"lil SScSSS SSESSSL CTTOGAGGAC CGAOGCAAGC TA^GATGGC CGCAeTCCTT 
27361 GTTAOCGTGG AGCTTGAGW CATGCAGCGG TTOTTCCTO ACCCGaAGAT «CAGOGCAAG 
27421 CTAGAGGAAA CGTTGCACTA CACCTTTCGC CAGGGCTACG WCGCCAGGC CTCCAAAATT 
27 4 81 TCCAACGTCC ACCTCTCCAA CCTGGTCTOC TACCTTGGAA TOTTGCACGA AAACCGCCTC 

"ill SSaaSS SSSg caccctcaao ^cgacgcgc cccjogacta cgoccoccac 
27601 tgcgttxact tatotctctc ctacacctgg caaacggcca tcgg^tgtg gcagcJJJ^ 

27661 CTCGAGGAGC GCAACCTAAA GGAGCTGCAG XAGCTCCTAA AGCAAAACTT ^GOA^J 
27721 TOGACGGCCT TCAACGAGCG CTCOGTGGCC OCGCACCTCG CGGACATTAT CTTOOCOSAA 
27781 CGCCTGCTTA AAACCCTCCA ACAGGGTCTG CCAGACTTCA CCAGTCAAAG CATCTTGCAA 
27841- AACTTTAGGA actotatcct acagccttca «m^gc cccccacctg ctgtgcgctt 

27901 • CCTAGCG ACT TTGTGCCCAT TAACTACCGT GAATGCCCTC CGCCGCTTTO «CTCACTGC 
27961 TACCTTCTGC AGCTAGCCAA CTACCTTGCC TACCACTCCG ACATCAT^A AGACGTGAGC 
28021 GCTCACGGCC TACTGGAGTG TCACTCTCGC TGCAACCTAT GCACCCCGCA ^GCTCCCTG 
28081 CfTCTGCAATX CCCAACTGCT TAGCCAAAGT CAfcATOATCG GTACCTTTCA C^JGGCT 
28141 CCCTCGCCTC ACGAAAAGTC CGCGCCTCCG GOGWCAAAC TCACTCCOCG ^GTCGACG 
,d->ci w^fTMrr TTCGCAAATT TGTACCTGAG GACTACCACG CCCACCAGAT TAQGTTCXAv 

2S« SSSJat cSJSSJ aaatccggag cttaccgcct ^ca^ac ccagggccac 
28321 atccttggcc aattccaacc catcaacaaa ^ccgccaag a^tctcct J^JJ^J 

28381- CGGGGGGTTT ACCTCGACCC CCAGTCCGGC CAGGAGCTCA ACCCAATCCC CCCGCCGCCG 
• 28441 CAGCCCTATC AGCAGCCGCG GCCCCTTGCT ^CCAGGATG GCACCCAAAA JJAA^J 
28501 GCTCCCGCCG CCC-GACCCA CGGACGAGGA OGAATACTOG GACAGTCAGG ^JGA^^ 
28561 TTTGGACGAG GAGGACGAGA TGATGGAAGA CTGGGACAGC CTAGACGAAG ^TCCGAGGC 
28621 CGAAGAGGTG TCAGACGAAA CACCGTCACC CTCGGTCGCA TTCGCCTCGC 
28681 GAAATTGGCA ACCGTTCCCA OCATOGCTAC AACCTCCGCT CCTCAGGCGC CGCCOGCACT 
287.41 GCCrcrTCGC CGACCCAACC GTAGATGGGA CACCACTGGA ACCAGGGCCG CTAAOTCTAA 
28801 GCAGCCGiCG CCGTTAGCCC AAGACCAACA ACAGCGqCAA CCTTCGCCCG 
28861 GCACAAGAAC GCCATAGTTG CTTGCTTGCA AGACTGTGGG CGCAACATCT CCTTCGCCCG 
,-,0,, ^rvv-PT tt-i*p r-TCTACCATC ACGGCGTGGC CTTCCCCCGT AACATCCTGC ATXAC-iauv-i- 
Hill SS ScC-cSS GCACCGCCGG «GCGCCAGC ^AGCAACA OCAGCGGTCA. 
29041 CACAGAAGCA AAGGCGACCG ^TAGCAAGA CTCTGACAAA £CCAAGAAA 
29101 CGGCAGCAGC AGGAGGAGGA GC^TGCCTC ^JCCAA AGQGGCCAAG 
29161 AGCTTAGAAA TAGGATTTTT CCCACTCTCT ATGCTATATT 1^/^ 
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29221 AACAAGAGCT CAAAATA^A AACAGOJCTC JGCGCTOCCT ^CCCCA^ £££££ 
29281 ACAAAAGCQA AGATCAGCTT ^OOCCAOOC ^AAGAC^ ^^^^ QCGCGAAAAC 
29341 ACTGCGOGCT GACTCTTAAQ SACTAffrTTC St»CQCCC AI^ATCAGCA 

29401 TACGTCATCT CCAGCGGCCA CAOOOOCOGC CAGCACCTGT GCGGCTQQAG 
29461 AGGAAATTCC CACGCCCTAC W«OaAOTX ^ACCCACA JJJ^CAC ATGATATCCC 
29521 CTGCCCAAGA CTACTCAACC CGAATAAACT A^TGAGCW- COAACAGGCQ GCTATTACCA 
•29531 GGGTCAACOG AATCCGCGCC CACOGAAACC CXJTTCTCCT TACCAGGAAA 
29641 CCACACCTCO TAATAACMT MaCCCCGTA GGCCGAAGIT CAGATCACTA 

29701 CTCCCGCTCC CACCACTCTG GTACTTCCCA ^JgCCCA ca^GC CGGCACGGTA 
29761- ACTCAGOGCC CCAGCTTGCO OGOGGCTTTC CTCACAGGGT CKJACCTCCT 
298*1 TAACTCACC? CAAAATCAGA GGGCGACGTA cGCTCGCCCC TCTTCATTTA 

29881 CTCTTGGTCT CCGTCCGGAC G^ACATTTC JCMCGGCGG SaGcSoGC OCCGGAGGCA 
29941 CGCCCCCTCA GGCGATCCTA A«CTCCAGA JCTCGTCCTC ^^^^ cccrm^XG 
30001 TTGGAACTCT ACAATTTATT GAOGAOTTOS ^TTCGGT AAAGACTCGG 
30061 GACCTCCCGG CCACTACCCG OACCAGTTTA ^CCCAACTT TCAOGOG^ 
30121 CGGAOOGCTA CGACTGAATG *^AOTGGAO. ££££ TGAGTTTTGT TACTTTGAAT 
301.81 ACCACTCCCG CCGCCACAAG TCCT^TGCCC GCGGCTC^ c<rrcACCACC CACGTAGAGC . 
30241 TGCCCGAACA CCATATCGAG CGCOOOCCCC *CG<WGTCW. GCTACWSAG CGGGACCCGG 
3*301 TTACACGTAG CCTCATTCGG GACTTTACCA JGCCCCCCCT GCT^ ^ c^^TCTTT 
30361 CTCCCTCKST TCTGACCMC GTTTCCAACT CTCCTAACCC ^^.^ G<WCTCCTCX 
30421 GTTGTCATCT CTGTGCTGAG TATOATAAAT J^JJJ^J AGACCAAAGC AAACCTCACC 
30481 CGCGATCCTG TGAACCCCAC CG1TTTTACC £££££££ ££tAACGG CTCTTCATTT 
30S41 aCCGGTTTOC ACAAGCGGGC CAATAAGTAC CACACAAOCT TCTCOGCTTC 

30601 GTAATTTACA ACAGTtTCCA GCG^ACGAA TCACCTCCCG GGAAOGTACG 

30661 AACTACACCG TCAAGAAAAA CACCA^ACC ^CACCCTCC T» ^ ^^cc 
.30721 AGTGCCTCAC CGOTTGCTGC fCCCACACCT %^££c AGCTCA AAAA AGCATTTOGC 
30781 AWinCCAA AACAGGAGGT GAGCTCAACT CC^GAACTC Atf^ ^ CAAGCTTGTC 
30641 GGGGTCCXGG ^TTTTTTAA TTAAGTATAT CAGCAMTCA ^.p^AT 

30901 TAAxrrnxrr ggaattoggo tcgccottat ccttactc^ ^cg^^a cctattgtca 

30961 ACTAGCACTT CTGTGCCTTA GGCTTCCCGC CTCCTO^A TCATTTTAGG CTTGCTCGCC 
31021 GCTTTTTAAA CGCTGGGGGC AACATCCAAG AGGAACCAGC TTCCAATCTT 

31081 CTTCCGGCAG TCTGCAGCGC TGCCAAAAAG J^^JJ AMCCACCAC AGAACATGAA 
31141 ACATTTAAAT CAGAAGCTAA ^SSItc CTGTATATCC TATTTCGCAG 

31201 AAGCTTATTA TTCGCCACAA AGACAAAATT f^MGTATO TAAAACTPW 
31261 'CCAGGTGACA CTAAOGACTA TAA^TC*CA «TCTTO^AG ^ CAAACAGTAC 
31321 -ATCTATAAAT TTCCATTTTA TCAAATCTGC ^ATTACCA CACCGCTCTG 
31381 AAGTTGTGGC CCCCACAAAA GTGTWAGAG ^ACTCGCA ^^.^ ^^^cgc 
31441 ; CTTATTACAG CGCTTGCTTT CC^TGTACC ^ACTTTATC ^ CCCTGGACAA 

31501 AGXTTTATTG ATGAAAAGAA AATGCCTTOA TTTTCCGC-^ cc ^^tcaa 

31561 OTTACTCTAT GTGGCATATG CTCCACGCGG ^^^c^t tjcatcAAAC 

31621 ACTTTCCTGG ACGTTAGCGC CTGATTTCTG ^^CGCCTG ACAACGGAC T 
31681 CCAGCTTCAG C1TGCCTGCT CCAGAeATGA g^g^ TTTACCCCAA GTTCA1GCCT 
317.41 ATCGCAACAC CACTGCTACC GGACTAACAT CATAGCGCTT ATGTTTGTTT 

. 31801 TTGTCAATGA CTGGGCGAGG TTCGACATGT J^SSc ACGCGCCACA CCCCCCATCT 
31861 .GCCTTATTAT TATGTGGCTT ATTTCTTCCC J^^^ ^ rMhTT v GACGGWPGA 
31921 ATAGGCCTAT GATTGTGCTC ^ACC^" araTCAGACA TCATTCCTCG AGTXCTTATA 
31981 AACCATGTTC TCTTCnTTA CAGWTGATO AAATGA^ togccGCGGT CGCTCACATC 
32041 TTATTGACCC TTCTTGCGCT CTT^G^ TGCTCTAC^ ACGGATTTGT CACCCTTATC 
32101 GAACTAGATT GCATCCCACC TTOCACAGTT ^CTC™' CTGGGTTTGT 
32161 CTCATCTGCA GCCTCGTCAC SSaGAG ACAGGACTAT AGCTGATCTT 

32221 G1CCCCATTG CGTACCTCAG GCACCATCCG rncciXSATT TTTTGCGCCC 

32281 CTCAGAATTC TTTAATTATG AAACGGAGTG WM^g ACATATTTCC TCCAGATTCA 
32341 TACCTGTGCT TTCCTCCCAA ^CTCACCGC ^ CCATTTGTCA CAAGCCTGGT 

32401 CTCAAATATG G AACATTCCC ACCTCCTACA ACAAA ^ rrrKJCCCTA gccataTATC 
32461 TATACGCCAT CATCTCTGTC ATGGTTTTTT CCACCCTACT TTCCCAGTGC 

32521 CATACCTTCA CATTOGCTGG AATCCCATAG A TCAGCCTCGC CCCCCTTCTC 

32S81 CCGCTGTCAT ACCACTGCAA CAGGTTATTG 
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32641 CCACCCCCAC TO AOAWAGC TACTTTAATT £££££ 
32701 CTAGAATTGO ATOGAATTAA CACCGJ£CAG SSaScCA CTCTAAAAGA 

32761 CAGCGAGAAC GCCTAAAACA AGAJWJTTCM ^CATCGTTA TaCcQGCAAC 
32821 GGTATCTTTT GTGTGGTCAA «C**«AAA CTTACCTAOO GGGAGAAAAA 
32881 CGCCTCAGCT ACAAGCTACC CXCCCMOCC "JXAACTGO Jg™^ ^^^0 
32941 OCTATCACCQ TCACCCAGCA CTCGGCAGAA ACAGAGGGCT ^CTO^AGA tcttaTTCCA 
33001 CGTCCAGAGO ACCTCTGCAC TCTT*™* J£JS5a TCACTCAGCA AATOTTCTC 
33061 TTCAACTAAC ATAAACACAC AATAAATTAC %£g£rcA GCCGCCTTTT. 

33121 CAGCCTATTC AGCATCACCT CCTTTCCTTC "CCCAAti CTTCTCCCTC 
33181 AGCTGCAAAC TTTCTCCAAA «MAAATOG GATGTCAAAT AAGACACCTT 
33241 OGCACCCACT ATCTTCATAT T^TCCAOAT CAAACCOSCC MCTTACCCC 
33301 CAACCCCCTC TATCCATATO ACACAGAAAC "OCCCTCCA CTCTAOGOGT 
33361 TCCATTTGTT TCACCCAATC «™CAWA JJ^^ AAaScScA GCGGTCTTAC 
33421 CTCOGAACCT TTGGACACCT CCCAC^CAT GCTTGOGCTT AGCCACTTAA 
33481 CCTAGACAAG GCCGGAAACC ^ACCTCCCA AAATGTAACC £^„ A . CCTCACGCGC 
33S41 AAAAACAAAG TCAAACATAA CTTMOACAC X-J^TOTTA GCGTACAGTC 

33601 CCTAACAGTG CCAACCACCG CTCCX««X JCTTACTA^ CGO0CJCTTA ggj^ 
33661 ACAAGCCCCA CTGACCGTGC AAGACT^AA A^AACCATT ^^GCCA 
33721 AGTGTCAGAT CGAAAGCTAO CCCTCCAAAC JJg^^ ACGCGTAOCT TOGOCATTAA 
33731 CACCCMACT GTAACTGCAT CACCCCCGCT AACTACTGCC JCJ^ GOGGTCCTTT 
33841 OATGGAAGA.T CCTATTTATC TAAATAATGQ AAAAATAGGA JWAAAATAA < ^ tiqa 
33901. GCAAGTAGCA CAAAACTCCG ATACACTAAC RC1AGTOACT CAAACAACAT 
33961 ACAAAACTCC CTTAGAACCA AAGTTGCAGG JCCTAOTCGT ££££££ TAGATGTGGA 
34021 «^AATTAAA ACGGGCGGTG GJMCOGTAT AAWAACAAC ££^ c 
34081 TTACCCATTT GATGCTCAAA CAAAACTAOC cTATACCTTT OTAATCCATC 

34141 TAATGCATCT CATAACTTGG ACATJAACTA ^AACAOAGGC «*»^ ACTTroATAA 
34201 AAACAATACT. AAAAAACTGG AAGMAC*AT JJ^^ GATACAAACA CATCTGAGTC 
34261 TACTGCCATA GCTATAAATG CAOOAMOQQ TCTGGAQTTT «^ ^ aTGAAAACGG 
34321 TCCAGATATC AACCCAATAA AAA^AAT AACTCAGGGG CCATTACAAT 

34381 TGCCATGATT ACTAAACTTO GAGOGGGTTT C CAGACCCAT CTCCTAACTG 

3444! AGGAAACAAA AATGATGACA AACTTACC^ CTTACAAAAT GTGGGAGTCA 

34S01 CAGAATTCAT TCAGATAATC ACTCCAAATT TACTTTCG- cTTTCATCCA TCACAGCCAC 
34S61 AGTACTAGCT ACTGTAGCTG CTTTGGCTGT ^TCGA^ GGTGTTCTAA TCGAGAACTC 
34621 CGTTCCAAGT CTTAGTATAT TCCWAGATT TGACCAAAAL CAAATCCATA 
34681 CTCACTTAAA AAACATTACT GGAACTOTAG AAATGGGAAC £^ AAAGTCAAAC 
34741 CACAAATGCA GTTCCATTTA TGCCTAACCT TCTAGCCTAT CCAAAAA^ ^^^at 
34801 TGCTAAAAAT AACATTOTCA GTCAAGTTTA CTTCCATGGT TAACCACTTA 
34861 ACTTACCATT ACACTTAATC GCACTACTGA ^SaC ACCACTCAAA CTTITCCTAC 
34921 CTCTATGTCT TTTACATGGT CCTGGGMAC TGGAAAATAC ^^^^ TC1TCCX TGT 
34981 CAACTCTTAC ACCTTCOCCT ACATTCCCCA ^JJ^J CGCCTACATG GGGGTAGACT 
3S041 TATGTTTCAA CGTGGGATCC TTTATTATAC CCCAAGTCCA ^ AACTGCTGCC 
3S101 CATAATCGTG CATCAGGATA ^GGTGGT JCTGCAGCAG ^^ CQ ATGATTCGCA 
3S161 GCCGCCGCTC CGTCCTGCAG GAATACAACA GCGCACCCTC AOCICACTTA 

.35221 CCGCCCGCAG CATGAGACGC "TGTCCTCC ™ TCCCA CAGTGCAAGG 

35281 AATCAGCACA GTAACTGCAG CACAGCACCA gTCGCCATCA TACCACAAGC 

35341 CGCTGTATCC AAAGCTCATG GCGGGGACCA CACAACCCAC ACCTCTTTTG 
3S401 GCAGGTAGAT TAAG TGGCG A CCCCTCATAA ACAOCCTGGA <g£^ Q ATGGCGCCAT 
35461 GCATGTTGTA ATTCACCACC ^CGGTACC ATATAAACCT ^ c mCAOGGMC 

35S21 CCACCACCAT CCTAAACCAG CTGGCCAAAA C ^£g? ACCATGGATC ATCATGCTCG 
3S581 CGGGACTGGA ACAATGACAG ^^GCCC ACACTTCCTC AGGATTACAA 

35641 TCATGATATC AATGTTGGCA CAACACAGGC ^CACGTGCAT ACA ^ AGCGTAAATC 
35701 GCTCCTCCCG CGTCAGAACC ATATCCCACG CATTCTCAAA GTGTTACATT 

35761 CCACACTCCA GGGAAGACCT CGCACGTAAC %££vaTC k AAAGCAGGTA 

3S821 CGGGCAGCAG CGGATGATCC TCCAGTATGG TAGOGCGGGT C CGTAGTGTCA 
3S881 GGCGATCCCT ACTGTACGGA GTCCGCCCAG ACAACCGAG G( , ^^^acTC 

35941 TGCCAAATGG AACCCCGGAG °fAGTCATAT gACTAAAAAA TCACGTAACG 

36001" ACAGTGTAAA AAGGGCCAAG TACAGAGCCA GTATATATAU 
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_ v ^^ 6 >x^ CGCACGCCAA CCTAOGCCCA GAAACGAAAG 
36061 CTTAAAGTCC ACAAAAAACA CCCA^AAAAC TC CCACGATA CCTCACTTCC 

CCAAAAAACC CACAACTTCC JSSSSc TCCGCCCTAA AACCTACGTC 

36181 CATTTTAAAA AAACTACAAT ^AA^ACA ^JJJ^ CACCCCCTCA TXfvTCATATT 
36241 ACCCGCCCCG TTCCCACCCC CCOCCCCJJG 



36301 GGCTTCAATC CMAATAAGG TATATTATGA TOMG 
// 
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(1) GENERAL INFORMATION: 

(i) APPLICANTS : Gregory, R.J., Armentano, D. , Couture, L.A., Smith, 
A.E. 

(ii) TITLE OP INVENTION : GENE THERAPY FOR CYSTIC FIBROSIS 
(iii) NUMBER OF SEQUENCES: 9 



(iv) CORRESPONDENCE ADDRESS: 
K ( A ) ADDRESSEE: LAHIVE & COCKFIELD 

(B ) STREET: 60 STATE STREET, SUITE 5X0 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 
20 <F> ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII 

<vi> CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
30 (B) FILING DATE: 02 -DEC- 1993 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/985,478 
35 ( B ) FILING DATE: 02 -DEC- 1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Hanley, Elizabeth A. 
A() (b) REGISTRATION NUMBER: 33,505 

{C ) REFERENCE /DOCKET NUMBER: NZI-014CP2PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (617) 227-7400 
45 ( B ) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID NO:l: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6129 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

55 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 133.. 4572 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG CAGGCACCCA 60 

GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG GCCCTAGCAG GGACCCCAGC 120 

GCCCGAGAGA CC ATG CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC 168 
Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val 
15 1 5 10 

TCC AAA CTT TTT TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA GGA TAC 216 
Ser Lys Leu Phe Phe Ser Trp Thr Arg Pro He Leu Arg Lys Gly Tyr 
15 20 25 



AGA CAG CGC CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GTT GAT " - 264 
Arg Gin Arg Leu Glu Leu Ser Asp He Tyr Gin lie Pro Ser Val Asp 
30 35 40 

"W 

25 TCT GCT GAC AAT CTA TCT GAA AAA TTG GAA AGA GAA TGG GAT AGA GAG 312 
Ser Ala Asp Asn Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu 
45 50 55 60 

CTG GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 
30 Leu Ala Ser Lys Lys Asn Pro Lys Leu He Asn Ala Leu Arg Arg Cys 

65 70 75 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GGG GAA 
Phe Phe Trp Arg Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu 
35 80 85 90 

'GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA GCT TCC 456 
Val Thr Lys Ala Val Gin Pro Leu Leu Leu Gly Arg He He Ala Ser 
95 100 105 



360 



408 



40 

TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT TAT CTA GGC 504 
Tyr Asp Pro Asp Asn Lys Glu Glu Arg Ser lie Ala He Tyr Leu Gly 
110 H5 I 20 

45 ATA GGC TTA TGC CTT CTC TTT ATT GTG AGG ACA CTG CTC CTA CAC CCA 552 
He Gly Leu Cys Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro 
125 130 135 140 

GCC ATT TTT GGC CTT CAT CAC ATT GGA ATG CAG ATG AGA ATA GCT ATG 
50 Ala He Phe Gly Leu His His He Gly Met Gin Met Arg He Ala Met 

145 150 155 

TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG CTG TCA AGC CGT GTT CTA 
Phe Ser Leu He Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu 
55 160 165 I 70 



600 



648 
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GAT AAA ATA AGT ATT GGA CAA CTT GTT AGT CTC CTT TCC AAC AAC CTG 
Asp Lys lie Ser lie Oly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu 
175 18° 185 

AAC AAA TTT GAT GAA GGA CTT GCA TTG GCA CAT TTC GTG TGG ATC GCT 
IE Lys IZ Sp Glu Gly Leu Ala Leu Ala His Phe Val Trp lie Ala 
!90 195 200 

CCT TTG CAA GTG GCA CTC CTC ATG GGG CTA ATC TGG GAG TTG TTA CAG 
p" Leu Gin Val Ala Leu Leu Met Gly Leu lie Trp Glu Leu Leu Glu 



50 



205 



210 215 220 



275 280 



ATT GAA AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT CGG AAG GCA GCC 
zZ Glu Asn Leu Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala 
285 " °° C 



290 295 



CCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG TAT GAC TCT 
S SS 55 Sg SI Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser 



350 



355 



CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA CAA AAG CAA GAA TAT 
Leu Gly Ala lie Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr 



365 370 



AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA GTA GTG ATG GAG AAT 
55 Lys Thr Leu Glu Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn 

385 390 



696 



744 



792 



840 



GCG TCT GCC TTC TGT GGA CTT GGT TTC CTG ATA GTC CTT GCC CTT TTT 
15 S Zl S pL cys Gly Leu Gly Phe Leu lie Val Leu Ala Leu Phe 

225 230 " S 

CAG GCT GGG CTA GGG AGA ATG ATG ATG AAG TAC AGA GAT CAG AGA GCT 
Gin Ala Gly Leu Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala 
20 240 2 « 250 

GGG AAG ATC AGT GAA AGA CTT GTG ATT ACC TCA GAA ATG ATT GAA AAT 
Sy £s He Ser Glu Arg Leu Val lie Thr Ser Glu Met He Glu Asn 

255 260 265 # 

25 ATC CAA TCT GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG 984 
zZ SI Ser Val Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met 

270 



883 



936 



1032 



1080 



TAT GTG AGA TAC TTC AAT AGC TCA GCC TTC TTC TTC TCA GGG TTC TTT 
35 £r Zl T S Sr Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe 

305 310 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC ATC 
val Val Phe Leu Ser Val Leu Pro Tyr Ala Leu He Lys Gly He He 
40 320 "5 330 

CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG CGC ATG 

Su S »» ti - iie ser phe <*■ ile s; Leu Ar9 

335 340 345 

45 ^ ™* ACA ™^ TAT GAC TCT 1224 

Thr 
360 



1128 



1176 



1272 



1320 
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30 



35 



_ _ _, -pc TTC TOa gag GAG GGA TTT GGG GAA TTA TTT GAQ AAA GCA 

"J J£ S £ S S! Glu Gly Phe Gly 01. Leu Phe Glu Lys *U 



50 



400 405 



AAA CAA AAC AAT AAC AAT AGA AAA ACT TCT AAT GGT GAT GAC AGC CTC 
Lys Gin Asn Asa Asn Asn Arg Lys Thr Ser Asn aly Asp Asp Ser Leu 
415 420 «5 

10 TTC TTC ACT AAT TTC TCA CTT CTT GGT ACT CCT GTC CTG AAA GAT ATT 

£e P^e Ser Tin Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie 

4**=; 440 
430 435 

AAT TTC AAG ATA GAA AGA GGA CAG TTG TTG GCG GTT GCT GGA TCC ACT 
15 Asn Phe Lys lie Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr 



445 



450 



49S 500 SOS 

GGT GTT TCC TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC 
Sty val Ser £r Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys 
510 515 520 

CAA CTA GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT 
S£ Leu Glu Glu Asp lie Ser Lys Phe Ala Glu Lys Asp Asa He Val 



525 



530 535 



575 



580 



AGC TGT GTC TGT AAA CTG ATG GCT AAC AAA ACT AGO ATT TTG GTC ACT 
Ser Cys Val Cys Lys Leu Met Ala Asn Lys Thr Arg lie n 



590 



595 



TCT AAA ATG GAA CAT TTA AAG AAA GCT GAC AAA ATA TTA ATT TTG CAT 
55 Ser i£ Met Olu His Leu Lys Lys Ala Asp Lys He Leu lie Leu His 
605 610 615 



1368 



1416 



1464 



1512 



1560 



1608 



GGA GCA GGC AAG ACT TCA CTT CTA ATG ATG ATT ATG GGA GAA CTG GAG 
SJ aS Gly Tys Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu 
20 465 470 

CCT TCA GAG GGT AAA ATT AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT 
III ITr SS Gly Lys lie Lys His Ser Gly Arg He Ser Phe Cys Ser 

480 485 4 * 

25 CAG TTT TCC TGG ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT 1656 
Sn £1 Ser Trp He Met Pro Gly Thr lie Lys Glu Asn lie He Phe 



1704 



1752 



1800 



1848 



CTT GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 
Leu Gly Glu Gly Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He 
40 545 550 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA TTA GAC 
III S S Axg Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp 

560 565 

45 TCT CCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA TTT GAA 
Ser PrI Phe Gly Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu 



1944 



1992 
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50 



55 



GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG TTA 
S S Sin Ma Asn Leu Thr Glu Leu Asp lie Tyr Ser Arg Arg Leu 
800 8° 5 81 

TCT CAA GAA ACT GGC TTG GAA ATA AGT GAA GAA ATT AAC GAA GAA GAC 
Ser Gin Glu Thr Gly Leu Glu lie Ser Glu Glu He Asn Glu Glu Asp 



815 



B20 



TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA GCA GTG ACT 
Leu" iys Glu Cys Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr 
830 "5 ««° 



2088 



2136 



2184 



2232 



2280 



GAA GGT AGC AGC TAT TTT TAT GGG ACA TTT TCA GAA CTC CAA AAT CTA 2040 
Xu Gly Ser Ser Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu 
625 630 

5 CAG CCA GAC TTT AGC TCA AAA CTC ATG GGA TGT GAT TCT TTC GAC CAA 
Gin Pro Asp Phe Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin 
640 645 650 

10 TTT AGT GCA GAA AGA AGA AAT TCA ATG CTA ACT GAG ACC TTA CAC CGT 
Phe Ser Ala Glu Arg Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg 
655 660 665 

TTC TCA TTA GAA GGA GAT GCT CCT GTC TCC TGG ACA GAA ACA AAA AAA 
15 Phe S ™ Glu Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys 
670 675 680 

CAA TCT TTT AAA CAG ACT GGA GAG TTT GGG GAA AAA AGG AAG AAT TCT 
Sn" sS SI Lys Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser 
20 685 690 695 

ATT CTC AAT CCA ATC AAC TCT ATA CGA AAA TTT TCC ATT GTG CAA AAG 
He Leu Z Z He Asn Ser lie Arg Lys Phe Ser He Val Gin Lys 

705 710 715 * 

25 ACT CCC TTA CAA ATG AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA 2328 
Thr Pro Eu Gin Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu 
720 725 730 

30 GAG AGA AGG CTG TCC TTA GTA CCA GAT TCT GAG CAG GGA GAG GCG ATA 

Glu Arg Arg Leu Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He 
735 7 *° 745 

CTG CCT CGC ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA 
35 Su Pro Arg lie Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg 
• 750 755 7 60 

AGG AGG CAG- TCT GTC CTG AAC CTG ATG ACA CAC TCA GTT AAC CAA GGT 
trg £g Gin Ser Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly 
40 765 7 ™ . 775 

CAG AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 
Sn £n iZ His Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu 

785 790 



2376 



2424 



2472 



2520 



2616 



2664 
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ACA TGG AAC ACA TAG CTT CGA TAT ATT ACT GTC CAC AAG AGC TTA ATT 

Thr" Trp Asn Thr Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu lie 
845 850 855 



TTT GTG CTA ATT TGG TGC TTA GTA ATT TTT CTG GCA GAG GTG GOT GCT 
Phe Val Leu lie Trp Cya Leu Val He Phe- Leu Ala Glu Val A a Ala 

865 870 

10 TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC ACT CCT CTT CAA GAC AAA 
ser Leu Val Val Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys 
880 fl8S 890 



2712 



2760 



2808 



2856 



2904 



GGG AAT AST ACT CAT AGT AGA AAT AAC AGC TAT GCA GTG ATT ATC ACC 
15 Gly Asn Ser Thr His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr 
895 9°° 905 

_._ TAC ATT TAC GTG GGA GTA GCC GAC 

afSf ACC AGT TCG TAT TAT GTG IT I lm. ftii w 
Ser Ser Ser Tyr Tyr Val Phe Tyr lie Tyr Val Gly Val Ala Asp 
20 910 915 920 

ACT TTG CTT GCT ATG GGA TTC TTC AGA GGT CTA CCA CTG GTG CAT ACT 2952 

Thr Leu lIu Ala Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr 

925 930 935 940 ^ 

25 CTA ATC ACA GTG TCG AAA ATT TTA CAC CAC AAA ATG TTA CAT TCT GTT 3000 
£u" S Thr Val Ser Lys lie Leu His His Lys Met Leu His Ser Val 
945 9 50 955 

30 CTT CAA GCA CCT ATG TCA ACC CTC AAC ACG TTG AAA GCA GGT GGG ATT 
Su Gin 2a Pro Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He 
960 965 970 

CTT AAT AGA TTC TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT 
35 Su ™ Arg Phe Ser Lys Asp lie Ala He Leu Asp Asp Leu Leu Pro 
97S 980 985 

CTT ACC ATA TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT 
Su Tnr S Phe Asp Phe He Gin Leu Leu Leu He Val He Gly Ala 
40 990 995 "00 

ATA GCA GTT GTC GCA GTT TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG 
S Ala Val Val Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val 
1005 1010 "IS 1020 

' ^ CCA GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 
Pro Val He Val Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr 
1025 1030 1035 

50 TCA CAG CAA CTC AAA CAA CTG GAA TCT GAA GGC AGG AGT CCA ATT TTC 
Ser Gin Gin Leu Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe 
1040 1045 1° 50 

ACT CAT CTT GTT ACA AGC TTA AAA GGA CTA TGG ACA CTT CGT GCC TTC 
55 Thr His Leu Val Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe 
1055 1060 1065 



3048 



3096 



3144 



3192 



3286 



3336 
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GGA CGG CAG CCT TAC TTT GAA ACT CTG TTC CAC AAA GOT CTG AAT TTA 
Gly Arg Gin Pro Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu 
. 1070 1075 

5 CAT- ACT GCC AAC TGG TTC TTG TAC CTG TCA ACA CTG CGC TGG TTC CAA 
hZ Thr Ala Asn Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin 
10 85 "SO 1095 1100 

10 ATG AGA ATA GAA ATG ATT TTT GTC ATC TTC TTC ATT GCT GTT ACC TTC 
Zt Jrg lie Glu Met lie Phe Val He Phe Phe He Ala Val Thr Phe 
1105 "10 "I 5 

ATT TCC ATT TTA ACA ACA GGA GAA GGA GAA GGA AGA GTT GGT ATT ATC 
15 He Ser lie Leu Thr Thr Gly Glu Gly Glu Gly Arg Val Gly lie He 
1120 H25 1130 

CTG ACT TTA GCC ATG AAT ATC ATG AGT ACA TTG CAG TGG GCT GTA AAC 
Leu Thr Leu Ala Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn 
20 H35 1"° 1145 

■ TCC AGC ATA GAT GTG GAT AGC TTG ATG CGA TCT GTG AGC CGA GTC TTT 
Ser Ser He Asp Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe 



25 



30 



35 



AAG TTC ATT GAG ATG CCA ACA GAA GGT AAA CCT ACC AAG TCA ACC AAA 
Zs £e He Asp Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Ly^ 
1165 H -70 1175 

CCA TAC AAG AAT GGC CAA CTC TCG AAA GTT ATG ATT ATT GAG AAT TCA 
pS Sr Lys Asn Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser 
1185 1190 1195 

CAC GTG AAG AAA GAT GAC ATC TGG CCC TCA GGG GGC CAA ATG ACT GTC 
£s vll Lys Lys Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val 
1200 1205 1210 

AAA GAT CTC ACA GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG 

Lys Asp Leu Thr Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu 
40 1215 1220 1225 

AAC ATT TCC TTC TCA ATA AGT CCT GGC CAG AGG GTG GGC CTC TTG GGA 
£s"n He Ser Phe Ser He Ser Pro Gly Gin Arg Val Gly Leu Leu Gly 
1230 1235 1240 

45 AGA ACT GGA TCA GGG AAG AGT ACT TTG TTA TCA GCT TTT TTG AGA CTA 
Arg £ fly Ser Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu 
12« 1250 1255 "SO 

50 CTG AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 
Leu Asn Thr Glu Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser 
1265 1270 1275 

ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG AAA 
55 lie Thr Leu Gin Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys 
1280 1285 1290 



3384 



3432 



3480 



3528 



3576 



3624 



1150 1155 1160 5 " 
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3720 



3768 



38X6 



3864 



3912 



3960 
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15 



20 



25 



30 



35 



40 



45 



50 



55 



GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TIG GAT CCC TAT GAA 

111 S Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr olu 

1295 "00 1305 

CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG GTT GGG CTC 
111 Trp Ser Asp Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu 
1310 1315 1320 

AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAC TTT GTC CTT GTG 
Arg Ser Val He Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val 
iSs "BO 1335 

GAT GGG GGC TGT GTC CTA AGC CAT GGC CAC AAG CAG TTG ATG TGC TTG 
Sp Sy fly Cys Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu 
1345 "SO "55 

GCT AGA TCT GTT CTC AGT AAG GCG AAG ATC TTG CTG CTT GAT GAA CCC 
S Sg Ser Val Leu Ser Lys Ala Lys He Leu Leu Leu Asp Glu Pro 
1360 1365 1370 

AGT GCT CAT TTG GAT CCA GTA ACA TAC CAA ATA ATT AGA AGA ACT CTA 
sS 2a £s Su Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu 
1375 "SO 1385 

AAA CAA GCA TTT GCT GAT TGC ACA GTA ATT CTC TGT GAA CAC AGG ATA 
I£ Sn" S Phe Ala Asp Cys Thr Val He Leu Cys Glu Hxs Arg He 
1390 1395 "CO 

GAA GCA ATG CTG GAA TGC CAA CAA TTT TTG GTC ATA GAA GAG AAC AAA 
Glu S Met Leu Glu cys Gin Gin Phe Leu Val He Glu Glu Asn Lys 
1405 1410 1« 5 

GTG CGG CAG TAC GAT TCC ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC 
Val Arg Gin Tyr Asp Ser lie Gin Lys Leu Leu Asn Glu Arg Ser Leu 
1425 "30 

TTC CGG CAA GCC ATC AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC 
Phe Arg Gin Ala He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His 
1440 1445 "SO 

CGG AAC TCA AGC AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA 
Arg £n s2 ser Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys 
1455 1460 1465 

GAG GAG ACA GAA GAA GAG GTG CAA GAT ACA AGG CTT TAGAGAGCAG 
Glu Glu Thr Glu Glu Glu Val Gin Asp Thr Arg Leu 
1470 1475 "SO 

CATAAATGTT GACATGGGAC ATTTGCTCAT GGAATTGGAG CTCGTGGGAC AGTCACCTCA 
TGGAATTGGA GCTCGTGGAA CAGTTACCTC TGCCTCAGAA AACAAGGATG AATTAAGTTT 
TTTTTTAAAA AAGAAACATT TGGTAAGGGG AATTGAGGAC ACTGATATGG GTCTTGATAA 
ATGGCTTCCT GGCAATAGTC AAATTGTGTG AAAGGTACTT CAAATCCTTG AAGATTTACC 
ACTTGTGTTT TGCAAGCCAG ATTTTCCTGA AAACCCTTGC CATGTGCTAG TAATTGGAAA 



4056 

4104 

4152 

4200 

4248 

4296 

4344 

4392 

4440 

4488 

4536 

45B2 

4642 
4702 
4762 
4822 
4882 



40 



45 



50 



(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1480 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



5002 
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5122 
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GGCAGCTCTA AATGTCAATC AGCCTAGTTG ATCAGCTTAT TGTCTAGTGA AACTCGTTAA 4942 
TTTGTAGTGT TGGAGAAGAA CTGAAATCAT ACTTCTTAGG GTTATGATTA AGTAATGATA 
5 ACTGGAAACT TCAGCGGTTT ATATAAGCTT GTATTCCTTT TTCTCTCCTC TCCCCATGAT 
GTTTAGAAAC ACAACTATAT TGTTTGCTAA GCATTCCAAC TATCTCATTT CCAAGCAAGT 
ATTAGAATAC CACAGGAACC ACAAGACTGC ACATCAAAAT ATGCCCCATT CAACATCTAG 5182 

10 TGAGCAGTCA GGAAAGAGAA CTTCCAGATC CTGGAAATCA GGGTTAGTAT TGTCCAGGTC 5242 
TACCAAAAAT CTCAATATTT CAGATAATCA CAATACATCC CTTACCTGGG AAAGGGCTGT 5302 

15 TATAATCTTT CACAGGGGAC AGGATGGTTC CCTTGATGAA GAAGTTGATA TGCCTTTTCC 5362 
CAACTCCAGA AAGTGACAAG CTCACAGACC TTTGAACTAG AGTTTAGCTG GAAAAGTATG 5422 
TTAGTGCAAA TTGTCACAGG ACAGCCCTTC TTTCCACAGA AGCTCCAGGT AGAGGGTGTG 5482 

20 

TAAGTAGATA GGCCATGGGC ACTGTGGGTA GACACACATG AAGTCCAAGC ATTTAGATGT 5542 
ATAGGTTGAT GGTGGTATGT TTTCAGGCTA GATGTATGTA CTTCATGCTG TCTACACTAA 5602 
25 GAGAGAATGA GAGACACACT GAAGAAGCAC CAATCATGAA TTAGTTTTAT ATGCTTCTGT 
TTTATAATTT TGTGAAGCAA AATTTTTTCT CTAGGAAATA TTTATTTTAA TAATGTTTCA 
AACATATATT ACAATGCTGT ATTTTAAAAG AATGATTATG AATTACATTT GTATAAAATA 
ATTTTTATAT TTGAAATATT GACTTTTTAT GGCACTAGTA TTTTTATGAA ATATTATGTT 
AAAACTGGGA CAGGGGAGAA CCTAGGGTGA TATTAACCAG GGGCCATGAA TCACCTTTTG 
35 GTCTGGAGGG AAGCCTTGGG GCTGATCGAG TTGTTGCCCA CAGCTGTATG ATTCCCAGCC 
AG ACACAGC C TCTTAGATGC AGTTCTGAAG AAGATGGTAC CACCAGTCTG ACTGTTTCCA 
TCAAGGGTAC ACTGCCTTCT CAACTCCAAA CTGACTCTTA AGAAGACTGC ATTATATTTA 
TTACTGTAAG AAAATATCAC TTGTCAATAA AATCCATACA TTTGTGT 



5662 
5722 
5782 
5842 
5902 
5962 
6022 
6082 
6129 



55 Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val Ser Lys Leu Phe 



WO 94/12649 



- 105 - 



PCTAJS93/11667 



Phe Ser Trp Thr Arg Pro He Leu Arg Lys Gly Tyr Arg oln Arg Leu 
20 2S 30 

5 Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp Ser Ala Asp Asn 
35 40 45 

Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu Leu Ala Ser Lys 
50 55 60 

10 Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys Phe Phe Trp Arg 
65 70 75 80 

Phe Met Phe Tyr Gly He Phe Leu Tyr Leu Gly Glu Val Thr Lys Ala 
15 85 9° 95 

Val Gin Pro Leu Leu Leu Gly Arg He lie Ala Ser Tyr Asp Pro Asp 
100 105 HO 

20 Asn Lys Glu Glu Arg Ser lie Ala lie Tyr Leu Gly He Gly Leu Cys 

115 120 125 

Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro Ala He Phe Gly 
130 135 "° 

25 Leu His His lie Gly Met Gin Met Arg He Ala Met Phe Ser Leu He 
X45 150 155 1«° 

Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu Asp Lys He Ser 
30 165 I'O i7S 

lie Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu Asn Lys Phe Asp 
180 I" I 90 

35 Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala Pro Leu Gin Val 
195 200 205 

Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin Ala Ser Ala Phe 
210 215 220 

40 

Cys . Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe Gin Ala Gly Leu 
225 230 23S 

Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala Gly Lys He Ser 
45 245 250 255 

Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn He Gin Ser Val 



260 



265 



50 Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met He Glu Asn Leu 
275 280 285 

Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala Tyr Val Arg Tyr 
.290 295 300 

55 Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe Val Val Phe Leu 
305 310 315 320 
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ser Val Leu Pro. Tyr Ala Leu lie Lys Gly He He Leu Arg Lys lie 
325 33° 335 

5 Phe Thr Thr He Ser Phe Cys He Val Leu Arg Met Ala Val Thr Arg 
340 3« 350 

Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser Leu Gly Ala He 
355 



10 



360 365 



Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr Lys Thr Leu Glu 

37S 380 



370 

Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn Val Thr Ala Phe 
15 385 390 395 

Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala Lys Gin Asn Asn 
405 «° 415 

20 Asn Asn Arg Lys Thr Ser Asn- Gly Asp Asp Ser Leu Phe Phe Ser Asn 
420 «5 «0 

Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp He Asn Phe Lys He 
435 440 445 

25 Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr Gly Ala Gly Lys 
450 45S 460 

Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu Pro Ser Glu Gly 
30 465 470 475 

Lys He Lys His Ser Gly Arg He Ser Phe Cys Ser Gin Phe Ser Trp 

35 He Met Pro Gly Thr He Lys Glu Asn He He Phe Gly Val Ser Tyr 



500 



505 



510 



Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys Gin Leu Glu Glu 
515 520 525 

Asp lie Ser Lys Phe Ala Glu Lys Asp Asn He Val Leu Gly Glu Gly 
530 535 • 540 

Gly lie Thr Leu Ser Gly Gly Gin Arg Ala Arg He Ser Leu Ala Arg 
545 550 555 

Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp Ser Pro Phe Gly 
565 570 575 

50 Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu Ser Cys Val Cys 



580 585 



Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr Ser Lys Met Glu 
595 600 605 

" His Leu Lys Lys Ala Asp Lys He Leu He Leu His Glu Gly Ser Ser 



610 



61S 620 
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Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu Gin Pro Asp Phe 



625 



630 "5 "0 



5 ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin Phe Ser Ala Glu 

— ~ 655 



645 



650 



Arg Arg Asn Ser He Leu Thr Glu Thr .Leu His Arg Phe Ser Leu Glu 
660 665 

10 Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys Gin Ser Phe Lys 
675 68° 685 

Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser He Leu Asn Pro 
IS 690 695 "0 

lie Asn Ser lie Arg Lys Phe Ser lie Val Gin Lys Thr Pro Leu Gin 



705 



710 



715 



20 Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu Glu Arg Arg Leu 
725 "0 735 

Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala lie Leu Pro Arg He 
740 ^5 "0 

25 Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg Arg Arg Gin Ser 
755 "0 76S 



Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly Gin Asn He His 
30 770 "5 780 

Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu Ala Pro Gin Ala 
785 790 795 

35 Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu Ser Gin Glu Thr 
805 810 815 

Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp Leu Lys Glu Cys 



820 825 



40 Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr Thr Trp Asn Thr 



835 



840 845 



Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu He Phe Val Leu He 
45 8S0 855 860 

Trp cys Leu Val He Phe Leu Ala Glu Val Ala Ala Ser Leu Val Val 
865 870 875 

50 Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys Gly Asn Ser Thr 

885 890 

His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr Ser Thr Ser .Ser 



900 



905 



55 



Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp Thr Leu Leu Ala 
915 920 
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Met cly Phe Phe Arg Gly Leu Pro Leu Val His Thr Leu He Thr Val 
930 935 
5 Ser Lys He Leu His His Lys Met Leu His Ser Va! Leu In Ma Pro 



945 



950 



10 



„ et ser Thr Leu Asn Thr Leu Lys Ala oly Gly He Leu Asn Arg Phe 

965 970 

» ti. Ala lie Leu Asp Asp Leu Leu Pro Leu Thr He Phe 

Ser Lys Asp He Ala lie L.eu * g9Q 

980 985 

Asp „» n. «. «- - - ~ « - - Si"*." 1 * 

15 995 1UUU 



Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Valero Val Xle Val 
1010 1015 
20 Ala Phe lie Met Leu Arg Ala Tyr Phe Leu Glnttn: Ser Gin Gin Leu 



1030 



1025 

Lys Gin Leu Glu ser Glu Gly Arg Ser Pro Xle Phe Thr His Le^Val 
1045 10:>u 



1040 



25 Thr Ser « «. «W «- «• • "* - ^ 5."" 

1060 1065 

Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu Hisjhr Ala Asn 
30 1075 1080 

Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gl^Met Arg He Glu 
1090 1095 
35 Met Xle ,he Val Xle Phe Phe Xle Ala Val Thr Phe Xle Ser Xle Leu 
1105 

T *r Thr Gly Glu Gly Glu Gly Arg Val Gly Xle Xle Leu Thr LeuMa 
1125 1130 

40 „ et «„ « Thr «- «- « - S " So" 0 



1140 1145 



V,l « Ser « ** «. ~ -1 « « « «- "* - 

1155 1160 

Ke t Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys Pro Tyr Lys Asn 

-1 t *7 C XAWvr 



1170 1175 



50 Gly Gin Leu Ser Lys Val Met Xle Xle Glu Asn Ser His Val Lys Lys^ 

1190 Ai33 

r,r».p *» ■» « ^;„ Tbr vai ws " p m= Thr 

1205 j 121U 

55 »1. W Tyr Thr «» «y OIV - -J^ - «• « ^ 0 S " "" 

1220 
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Ser lie ser Pro Gly Gin Arg Val Gly Leu Leu Gly Arg Thr Gly Ser 

1235 "40 1245 

5 Gly Lys ser Thr Leu Leu Ser Ala Phe Leu Arg Leu Leu Asn Thr Glu 
1250 12" 1260 

Gly Glu lie Gin lie Asp Gly Val Ser Trp Asp Ser lie Thr Leu Gln^ 
12S5 1270 1275 

10 



Ala Phe Gly Val He Pro Gin Lys Val Phe Ile^ he 
1285 



Gin Trp Arg Lys Ala Pne uxy v«* «™ ^ 



Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu Gin Tr^Ser Asp 
15 1300 1305 

Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu Arg Ser Val lie 
1315 "20 1325 

20 Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val^Asp Gly Gly Cys 



1330 



1335 



25 



Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu Ala Arg Ser Val^ 
1345 1350 "SB 

Leu Ser Lys Ala Lys^Ile Leu Leu Leu Asp^Glu Pro Ser Ala His^eu 
• Asp Pro val Thr Tyr Gin lie lie Arg Arg Thr Leu Lys GlnMa Phe 

30 1380 1385 



Ala Asp Cys Thr Val He Leu Cys Glu His Arg lie Glu Ala Met Leu 
1395 1«0 I*" 

35 Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys Val Arg Gin Tyr 
• 1410 1420 
Asp Ser lie Gin Lys Leu Leu Asn Glu Arg Ser Leu Phe Arg Gin Ala 



1425 



1430 



40 lie Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His Arg Asn Ser Ser 



1445 



1450 



Lys Cy S Lys Ser Lys Pro Gin He Ala Ala Leu Lys Glu GluThr Glu 

45 1460 1465 



Glu Glu Val Gin Asp Thr Arg Leu 
1475 1480 



50 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 563 5 base pairs 

(B) TYPE: nucleic acid 
55 (c) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

CATCATCAAT AATATACCTT ATTTTGGATT GAAGCCAATA TGATAATGAG GGGGTGGAGT 
TTGTGACGTG GCGCGGGGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG GCGGAAGTGT 
GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCCGGATG TGGTAAAAGT GACGTTTTTG 
GTGTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGCG GTTTTAGGCG GATGTTGTAG 
TAAATTTGGG CGTAACCAAG TAATGTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 
AGTGAAATCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 
GACTTTGACC GTTTACGTGG AGACTCGCCC AGGTGTTTTT CTCAGGTGTT TTCCGCGTTC 
CGGGTCAAAG TTGGCGTTTT ATTATTATAG TCAGCTGACG CGCAGTGTAT TTATACCCGG 
TGAGTTCCTC AAGAGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCGC 
TCCGAGCTAG TAACGGCCGC CAGTGTGCTG CAGATATCAA AGTCGACGGT ACCCGAGAGA 
CCATGCAGAG GTCGCCTCTG GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA 
CCAGACCAAT TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA 
TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 
AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 
GATTTATGTT CTATGGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 
TCTTACTGGG AAGAATCATA GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG 
CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTG CTCCTACACC 
CAG CCATTTT TGGCCTTCAT CACATTGGAA TGCAGATGAG AATAGCTATG TTTAGTTTGA 
TTTATAAGAA GACTTTAAAG CTGTCAAGCC GTGTTCTAGA TAAAATAAGT ATTGGACAAC 
TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACATT 
TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 
AGGCGTCTGC CTTCTGTGGA CTTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTGGGC 
TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGG GAAGATCAGT GAAAGACTTG 
TGATTACCTC AGAAATGATT GAAAACATCC AATCTGTTAA GGCATACTGC TGGGAAGAAG 
CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 
CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT GTGGTGTTTT 
TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 
TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG GCTGTACAAA 
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CATGGTATGA CTCTCTTGGA GCAATAAACA AAATACAGGA TTTCTTACAA AAGCAAGAAT 
ATAAGACATT GGAATATAAC TTAACGACTA CAGAAGTAGT GATGGAGAAT GTAACAGCCT 
5 TCTGGGAGGA GGGATTTGGG GAATTATTTG AGAAAGCAAA ACAAAACAAT AACAATAGAA 
AAACTTCTAA TGGTGATGAC AGCCTCTTCT TCAGTAATTT CTCACTTCTT GGTACTCCTG 
TCCTGAAAGA TATTAATTTC AAGATAGAAA GAGGACAGTT GTTGGCGGTT GCTGGATCCA 
CTGGAGCAGG CAAGACTTCA CTTCTAATGA TGATTATGGG AGAACTGGAG CCTTCAGAGG 
GTAAAATTAA GCACAGTGGA AGAATTTCAT TCTGTTCTCA GTTTTCCTGG ATTATGCCTG 
GCACCATTAA AGAAAATATC ATCTTTGGTG TTTCCTATGA TGAATATAGA TACAGAAGCG 
TCATCAAAGC ATGCCAACTA GAAGAGGACA TCTCCAAGTT TGCAGAGAAA GACAATATAG 
TTCTTGGAGA AGGTGGAATC ACACTGAGTG GAGGTCAACG AGCAAGAATT TCTTTAGCAA 
GAGCAGTATA CAAAGATGCT GATTTGTATT TATTAGACTC TCCTTTTGGA TACCTAGATG 
TTTTAACAGA AAAAGAAATA TTTGAAAGCT GTGTCTGTAA ACTGATGGCT AACAAAACTA 
GGATTTTGGT CACTTCTAAA ATGGAACATT TAAAGAAAGC TGACAAAATA TTAATTTTGC 
ATGAAGGTAG CAGCTATTTT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 
TTAGCTCAAA ACTCATGGGA TGTGATTCTT TCGACCAATT TAGTGCAGAA AGAAGAAATT 
CAATCCTAAC TGAGACCTTA CACCGTTTCT CATTAGAAGG AGATGCTCCT GTCTCCTGGA 
CAGAAACAAA AAAACAATCT TTTAAACAGA CTGGAGAGTT TGGGGAAAAA AGGAAGAATT 
CTATTCTCAA TCCAATCAAC TCTATACGAA AATTTTCCAT TGTGCAAAAG ACTCCCTTAC 
AAATGAATGG CATCGAAGAG GATTCTGATG AGCCTTTAGA GAGAAGGCTG TCCTTAGTAC 
CAGATTCTGA GCAGGGAGAG GCGATACTGC CTCGCATCAG CGTGATCAGC ACTGGCCCCA 
CGCTTCAGGC ACGAAGGAGG CAGTCTGTCC TGAACCTGAT GACACACTCA GTTAACCAAG 
GTCAGAACAT TCACCGAAAG ACAACAGCAT CCACACGAAA AGTGTCACTG GCCCCTCAGG 
CAAACTTGAC TGAACTGGAT ATATATTCAA GAAGGTTATC TCAAGAAACT GGCTTGGAAA 
TAAGTGAAGA AATTAACGAA GAAGACTTAA AGGAGTGCCT TTTTGATGAT ATGGAGAGCA 
TACCAGCAGT GACTACATGG AACACATACC TTCGATATAT TACTGTCCAC AAGAGCTTAA 
. TTTTTGTGCT AATTTGGTGC TTAGTAATTT TTCTGGCAGA GGTGGCTGCT TCTTTGGTTG 
TGCTGTGGCT CCTTGGAAAC ACTCCTCTTC AAGACAAAGG GAATAGTACT CATAGTAGAA 
55 ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 
TGGGAGTAGC CGACACTTTG CTTGCTATGG GATTCTTCAG AGGTCTACCA CTGGTGCATA 
CTCTAATCAC AGTGTCGAAA ATTTTACACC ACAAAATGTT ACATTCTGTT CTTCAAGCAC 
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CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATAGATTC TCCAAAGATA 
TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATTAA 
TTGTGATTGG AGCTATAGCA GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 
TGCCAGTGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 
TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 
AAGGACTATG GACACTTCGT GCCTTCGGAC GGCAGCCTTA CTTTGAAACT CTGTTCCACA 
AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTGGTTCC 
AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTGC TGTTACCTTC ATTTCCATTT 
TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 
TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 
TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 
AACCATACAA GAATGGCCAA CTCTCGAAAG TTATGATTAT TGAGAATTCA CACGTGAAGA 
AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 
CAGAAGGTGG AAATGCCATA TTAGAGAACA TTTCCTTCTC AATAAGTCCT GGCCAGAGGG 
TGGGCCTCTT GGGAAGAACT GGATCAGGGA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 
TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 
AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 
TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 
ATGAGGTTGG GCTCAGATCT GTGATAGAAC AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 
TGGATGGGGG CTGTGTCCTA AGCCATGGCC ACAAGCAGTT GATGTGCTTG GCTAGAT CTG 
TTCTCAGTAA GGCGAAGATC TTGCTGCTTG ATGAACCCAG TGCTCATTTG GATCCAGTAA 
CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 
GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 
AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 
CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 
CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 
TTTAGAGAGC AGCATAAATG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 
TTGAGGTACT GAAATGTGTG GGCGTGGCTT AAGGGTGGGA AAGAATATAT AAGGTGGGGG 
TCTCATGTAG TTTTGTATCT GTTTTGCAGC AGCCGCCGCC ATGAGCGCCA ACTCGTTTGA 
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TGGAAG C ATT GTG AG CTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG GGGTGCGTCA 
GAATGTGATG GGCTCCAGCA TTGATGGTCG CCCCGTCCTG CCCGCAAACT CT ACT AC C TT 
5 GACCTACGAG ACCGTGTCTG GAACGCCGTT GGAGACTGCA GCCTCCGCCG CCGCTTCAGC 
CGCTGCAGCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 
CAGTGCAGCT TCCCGTTCAT CCGCCCGCGA TGACAAGTTG ACGGCTCTTT TGGCACAATT 
GGATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTCAGCAG CTGTTGGATC TGCGCCAGCA 
GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT TAAAACATAA ATAAA 
15 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
ACT.CTTGAGT GCCAGCGAGT AGAGTTTTCT CCTCCG 
(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
35 (b) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

•45 GCAAAGGAGC GATCCACACG AAATGTGCC 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

55 (ii) MOLECULE TYPE: cDNA 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
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CTCCTCCGAG CCGCTCCGAG CTAG 
(2), INFORMATION FOR SEQ ID NO:7: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

• (C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CCAAAAATGG CTGGGTGTAG GAGCAGTGTC C 
20 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
CGGATCCTTT ATTATAGGGG AAGTCCACGC CTAC 
(2)" INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
50 CGGGATCCAT CGATGAAATA TGACTACGTC CG 



WO 94/12649 PCT/US93/11667 

- 115- 
Claims 

1 . An adenovirus-based gene therapy vector comprising the genome of an adenovirus 2 
serotype in which the Ela and Elb regions of the genome, which are involved in early stages 

5 of viral replication, have been deleted and replaced by genetic material of interest. 

2. The adenovirus-based gene therapy vector of claim 1 , wherein the genetic material of 
interest is DNA encoding cystic fibrosis transmembrane conductance regulator 

10 3. The adenovirus-based gene therapy vector of claim 1 further comprising PGK 
promoter operably linked to the genetic material of interest. 

4. The adenovirus-based gene therapy vector of claim 2 having substantially the same 
nucleotide sequence as shown in Table II (SEQ ID NO:3). 

15 . 

5. An adenovirus-based gene therapy vector comprising adenovirus inverted terminal 
repeat nucleotide sequences and the minimal nucleotide sequences necessary for efficient 
replication and packaging and genetic material of interest. 

6. The adenovirus-based gene therapy vector of claim 5 having the adenovirus 2 
sequences shown in Figure 17. 

7. The adenovirus-based gene therapy vector of claim 5 further comprising PGK 
promoter operably linked to the genetic material of interest. 

8. The adenovirus-based gene therapy vector of claim 5 in which the genetic material of 
interest is selected from the group consisting of DNA encoding: cystic fibrosis 
transmembrane conductance regulator, Factor VIII, and Factor IX. 

30 9. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
has been deleted for all E4 open reading frames, except open reading frame 6, and 
additionally comprising genetic material of interest. 

10. The adenovirus-based gene therapy vector of claim 9 further comprising PGK 
3 5 promoter operably linked to the genetic material of interest. 

11. The adenovirus-based gene therapy vector of claim 9 in which the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, have been deleted. 
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12. The adenovirus-based gene therapy vector of claim 9 in which the E3 region has been 
deleted. 

13. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
5 has been deleted for all E4 open reading frames, except open reading frame 3, and 

additionally comprising genetic material of interest. 

14. The adenovirus-based gene therapy vector of claim 13 in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

10 deleted. 

15. The adenovirus-based gene therapy vector of claim 1 3 further comprising PGK 
promoter operably linked to the genetic material of interest. 

15 16. The adenovirus-based gene therapy vector of claim 13 in which the E3 region has 

been deleted. 3 

1 7. A method for treating or preventing cystic fibrosis in a patient comprising 
administering to the pulmonary airways of the patient, a gene therapy vector comprising 

20 DNA encoding cystic fibrosis transmembrane conductance regulator. 

18. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising the genome of an adenovirus 2 serotype in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

25 deleted and replaced by DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

19. The method of claim 17 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

30 regulator. 

20 The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising adenovirus inverted terminal repeats and the minimal sequences 
necessary for efficient replication and packaging and DNA encoding cystic fibrosis 

35 tranmembrane conductance regulator. 

21 The method of claim 20 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

regulator. 



WO 94/12649 



PCTAJS93/11667 

-117- 



22. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and additionally comprising DNA encoding 

5 cystic fibrosis transmembrane conductance regulator. 

23. The method of claim 22 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

10 

24. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and has been deleted for the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, and additionally 

1 5 comprising DNA encoding cystic fibrosis tranmembrane conductance regulator. 

IF 

25. The method of claim 24 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 



PCT/US93/U667 

WO 94/12649 



1/50 



PARTIAL cDNA CLONES OF THE CFTROENE 
ATG Xba I 



Til 1 



SphlAccI 



12 



T16-1 



Xba I 



SphI AccI 

\ 1 



13 



T16-4.5 7 



SphI Acd Hpal 

\ l I 



119 bp insert 



TAG 
1 



24 



Sph ^ AccI Hp I 



CM/5 



V 

3 bp deletion 



24 



Figure 1 



SUBSTITUTE SHEET (RULE 26) 



PCT/US93/11667 



2/50 



STRATEGY FOR CONSTRUCTING pKK- CFTRl 
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CONSTRUCTION OF THE pKK- CFTR2 PLASMID 
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STRATEGY FOR CONSTRUCTING THE pSC- CFTR2 PLASMJD 
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bp 1717 T 

>| 
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CONSTRUCTION OF THE P KK- CFTR3 cDNA 
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CONSTRUCTION OF THE pKK- CFTR3 CLONE (cont'd.) 
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Figure 9 
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Figure 13 
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Figure 15 
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Figure 16 
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Figure 18B 
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Figure 22 
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Figure 31 
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Figure 42 
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Figure 43 
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